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FOREWORD

ideas that save time and money for their
company. This Electricians Hand Book is
“chock-full” of practical ideas that YOU can
offer to your employer that will save him
money.

These ideas are on special tests or other
time saving and money saving plans, that can
be used to advantage in practically any plant
having Electrical power.

Many buyers of this book have told us that
one single idea alone for plant improvement
outlined in detail in this book has been worth
many times the cost of the book. A man in
an Electrical erew today who is anxious to
get ahead must have ideas.

An example, and to illustrate as our point,
refer to page 229. There, you will find a com-
plete explanation giving you all the essential
wiring data for “ADAPTING INDUCTION
MOTORS TO NEW OPERATING CONDI-
TIONS.” Here you will find, worked out in
every detail, a complete program of the prin-
ciples of Induction Motors. Now, this plan
alone would be worth thousands of dollars to
any employer who is faced with an equip-
ment problem today.

This is just one of many practical plans
that are presented in this book and as a
buyer you have this material before you for
your use,

Yes, whether you’re an “old time” Elec-
trician or a “beginner”, this book can be
priceless to you.

In preparing all this material, we’ve had
the co-operation of leading Electrical and
Radio companies as well as Electrical Asso-
ciations throughout the country. The ma-
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terial is up-to-the-minute in every possible
respect and is authoritative because it has all
been pre-tested by actual practical applica-
tions.

Now, I want to leave this important thought
with you. Although the Coyne Electrician’s
Hand Book can be valuable to you every day
on the job, nevertheless, if you use this book
only occasionally on important Electrical or
Radio problems, it can pay for itself many
times over.

The value of any book isn’t always regu-
lated by how often you use it but rather how
important and valuable it can be WHEN
YOU NEED IT. Doctors and lawyers spend
great sums for medical and law books for
their library. They need these books for ready
reference — so they can refer to them on
certain subjects and keep themselves up to
date at all times—also to refresh their mem-
ories on certain matters they cannot be ex-
pected to remember in detail. It is equally
important for the Electrician or the man who
is preparing for a good Electrical job to have
reliable reference books for important prob-
lems that come up in his work. When you
purchase a book of this kind, you are not
really making a purchase—no, indeed—you
are making an investment — an investment
that can pay you dividends all through your
life. It can be your investment for the present
and for your future,

President
COYNE ELECTRICAL SCHOOL
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In judging the value of any handbook or
Electrical Manual the thought to keep fore-
most in mind is—who published it and what
experience have these publishers had in the

9 subjects covered?

V) This book was developed by the Technical
f\ Staff of the Coyne Elcetrical School. One way

it differs from any other Handbook is that
instead of being written by ONE man it rep-
resents the combined efforts of the Coyne
Technical Staff in collaboration with leading

>electrical manufacturers and electrical asso-
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ciations throughout the countyy.

For many years there has been a definite
need of one single book which combines the
essential formulas, charts, tables, code rules
and interpretation, wiring methods, ete., for
the practicing Electrician.

There are many books that contain ma-
terial on one or two of these subjects, but up
until now there has not been a book that in-
cludes all of the material on all of the sub-
jects. The Coyne Electricians Handbook is
such a book — really many books in one.

In preparing the material for this book the
thought that was kept foremost in mind was
to condense the explanation and to include as
much material as possible that would be of
practical value to the Electrician on the job
or the beginner in the Electrical field.

In addition, any explanation of a law, rule,
formula or definition was put in the plainest

-
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and simplest of Electrical terms. You will
note as you study and use the Coyne Elec-
tricians Handbook that complicated Electri-
cal explanations have been put into clear, un-
derstandable language.

YOU CAN USE THE
COYNE ELECTRICIANS
HAND BOOK EVERY
DAY ON THE JOB

There’s hardly an Electrical job that comes
along but what this practical book can save
you time and worry. Just refer to the right
formula, rule, table, chart or wiring method
and there’s your answer all worked out for
you. A successful Electrician — the fellow
who is on top today is the man who knows
the latest methods and does all of the work
according to code rules. These are the men
who do not “guess” on the work to be done
—THEY KNOW.

THIS BOOK WILL HELP
YOU “STAND OUT” IN
YOUR CREW

In addition to the up-to-the-minute infor-
mation on Electrical laws and data included
in this book, the Coyne Electrical School has
also included material for plant and Electri-
cal system improvements never before pub-
lished in any book. All of these ideas have
been developed and worked out in the Coyne
Training Shops and are passed on to buyers
of this book as a means of helping them ad-
vance.

In every Electrical Crew there are men
who ‘“stand out” in their work. Why do they
stand out? Well, simply because they have
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ELECTRICIANY' HANDBOOK

Section 1

ELECTRIC CIRCUITS

DEFINITIONS

Electricity. A general term used when referring to
the energy associated with electrons at rest or in
motion.

Electron, A small active particle of negative elec-
tricity. Some electrons are closely associated with
atcms of matter, while others, called free electrons,
move readily between atoms under the influence of
electric or magnetic fields. It is the movement of
electrons through a conductor which constitute an
electric current.

Free Electrons. Those electrons which are free to
move between the atoms of a material when acted
upon by electric or magnetic forces.

Atom. One of the elemental particles into which
all matter is divided. An atom has a nucleus con-
sisting of electrons and protons, with additional elec-
trons revolving around the nucleus. Each of the
elements has a different number and arrangement of
electrons and protons in its atoms.

Proton. One of the positively charged particles-
which, together with electrons (mnegatively charged
particles), make up the structure of an atom.

Molecule. The group of atoms which constitutes
the smallest particle in which a compound or material
can exist separately.

Current. Flow of electricity in conductors. The
unit of current measurement is the ampere. Current
is movement of free electrons along a conductor.

Ampere, The practical unit of electric current flow,
The movement of 6,280.000,000,000,000,000 electrons
past a given point in a circuit in one second cor-
responds to a current of one ampere. When a one
ohm resistance is connected to a one volt source, one
ampere will flow.

Milliampere. An electric current of 1/1000 of an
ampere.

Microampere. One millionth of an ampere.

Potential. A characteristic of a point in an electric
circuit determined by its electric charge in compari-
son with the charge at some other reference point,
thus making the point considered more positive or
more negative than the reference point,

Volt. The practical unit of voltage. One volt will
send a current of one ampere through a resistance
of one ohm,
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Millivolt. A unit of voltage equal to one thousandth
of a volt,

Electromotive Force. The force produced within a
generator, battery or other energy source, and which
causes movement of electrons or electricity in an
electric circuit. It is measured in volts.

Polarity. The quality of having two oppo ite
charges, one negative and the other positive. In a
magnetic circuit or part, the quality of having two op-
posite poles, one north and the other south.

Positive. A term used to describe a terminal hav-
ing fewer electrons than normal, so that it attracts
clectrons in seeking to return to its normal state,
Thus, electrons flow into the positive terminal of a
voltage source.

Negative. Referring to a potential less than an-
other potential, or to a potential less than that of
the earth. A point toward which current flows in parts
of a circuit external to the source. A terminal having
more electrons then normal,

Neutral. Having electric or clectrostatic potential
intermediate between the potentials of other associ-
ated parts in a circuit; positive with reference to some
parts while negative with reference to others. Some-
times refers to zero potential, neither positive or neg-
ative.

Direct Current. An electric current that flows al-
ways in the same dircction in its circuit. The current
may be steady or of constant value, or it may vary in
strength, or there may be intervals of no current, but
so long as current that does flow always moves in the
one direction it is a direct current.

Alternating Current. An electric current which re-
verses its direction of flow at regular intervals many
times per second.

Pulsating Current. A current which changes in
value but not in direction. It can be considered as a
direct current combined with a smaller value of alter-
nating current.

Circuit. A complete path over which an electric
current can flow.

Series Circuit. A connection in which the same cur-
rent must flow through all of the series-connected
parts.

Fig. 1-1 shows a generator and 4 lamps connected
in series. The devices are connected one after the
other along the wire or line, and the same current
must pass through them all. So the current will be
the same in all parts of a series circuit. This current
is of course governed by the total resistance of all the
devices in the circuit, as well as the voltage applied.

2
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To find the total resistance ot a series circuit, add
the resistances of all the devices in the circuit.

In the case of Fig. I-1, where there are 4 lamps of
40 ohms each, the total is 160 ohms.

40R 40R

“HR 4R

Fig. 1-1. Four lamps connected in series to a gemerator.
Total resistance of lamp circuit 160 ohms.

In a series circuit (1) the current is the same in all
parts of the circuit, (2) the total resistance is equal
to the sum of the resistances of all the parts, (3) the
applied voltage or the circuit voltage is equal to the
sum of the voltage drops across the several parts of
the circuit.

Parallel Circuit. A connection of two or more cir-
cuits or parts between the same terminals of a source
or current-supply circuit so that the same voltage dif-
ference is applied to all parts so connected and so that
the current through each is proportional to the overall
voltage and the resistance of the individual parts. The
total current is equal to the sum of the currents in all
the connected circuits or parts, and the total resistance
or the effective resistance of all the parts in parallel
is less than the individual resistance of any one of
them.

A Parallel Circuit is one in which the current has
two or more paths through which it can flow. In such
circuits the current from the generator or source di-
vides, and part flows through each of the branches of
the circuit according to their resistances.

Fig. 1.2 shows a generator and four lamps con-
nected in parallel. Sometimes such a circuit is called
a multiple circuit.

Resistance of Parallel Circuits. If the total resist-
ance of a parallel connection gets less as we add more
paths, then we see we cannot get the correct total
resistance of all paths, by adding their separate re-
sistances.
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If the parallel paths are of unequal resistance pro-
ceed as follows:

S
A

Fig. 1-2. Four lamps in parallel. Note how the current divides
through each path.

1. Multiply together the resistances of two of the
paths, in ohms.

2. Add the resistances of the same two paths, in
ohms,

3. Divide the product found in the first step by the
sum found in the second step. This gives the resist-
ance in ohms of these two paths.

4. If there are additional paths in parallel with the
first two, consider the parallel resistance of the two
paths as though it were that of a single path.

5. Then take one additional parallel path, divide
the product of the resistances by their sum, and thus
find the parallel resistance of the first two paths com-
bined with the third.

6. Continue thus for any additional number of paral-
lel paths; considering one more each time, and calcu-
lating the parallel resistance when this extra path 18
combined with those for which a single resistance has
previously been calculated.

In a parallel circuit (1) the total current is equal
to the sum of the currents in the several paths, (2) the
total resistance is less than the resistance of any one
path, (3) the same voltage is applied to all the paths
or elements which are in parallel.

Series-Parallel. Descriptive of a circuit or part of
a circuit in which some parts or elements are con-
nected together in series, with these series groups con-
nected together in parallel; or parts connected in pa-
rallel and the groups in series.

RESISTANCE

Resistance. The opposition which a device or ma-
terial offers to the flow of direct or alternating cur-
rent. The opposition which results in production of
heat in the material carrving the current. Resistance

4
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is measured in ohms, and is usually designated by the
letter R.

Ohm. The unit of electrical resistance. The resist-
ance of a device is one ohm when a d.c. voltage of

one volt will send a current of one ampere through 1
that device. The Greek letter omega (@ or @) is com- |
monly used to represent ohm. 1
Megohm. A resistance of one million ohms. i
Resistivity. The resistance in ohms which a unit
cube of a material offers to the flow of electric cur- “
rent.
Specific resistance of various common materials, at f
0 degrees centigrade is shown by accompanying table.
SPECIFIC RESISTANCES
MATERIALS Specific resistance in Michroms.
Centimeter cube Inch cube
Silver (Annealed) 1.49 .587
Copper (Annecaled) ............ 1.59 627
Copper (Hard) ............ 1.62 .638
Gold . 2.20
Alummum 2.61
ZINC  oeeeeeeaeaee 5.38
Phosphor Bronze |
(Commiercial) ...t 8.48 3.34 {
Bronze ... .. 17.80 |
Platinum ( Annealed) ... 8.98 3.54 ‘
Nickel (Commercial) ....... 9.90
Steel (Soft) . .. 1180
Steel (Wire) . 13.50
Steel (llard) .. .. 45.60
Iron (Pure) ... 8.85
Iron (Wrought) .. .. 1380 5.45 '
Iron (Cast-seft) . 74.40 :
Lead .........c.... 19.80 N
German Silver ... 33.10 ‘
German Silver Wire . 2090 8.24 '
Mercury .o . 94.07
Water (()rdmarv) 1200. to 12,000.
Carbon ........... ... 400. to 1150.00 '
Carbon (ATC) oo 5100. to 7600.00
Voltage Drop. A difference in voltage due to flow :
of current between two points separatul by resistance l
in_conductors; equnal to the current i amperes multi- 1

plied by the resistance in ohms through which the cur-
rent flows.

IR Drop. The voltage drop developed across a re-
sistance by the flow of current through the resistance.

Ohmic Drop. D'otential difference due to flow of
direct current through resistance.

Ohmic Resistance. The resistance in ohms which a
part or circuit offers to the flow of direct current.
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Internal Resistance. The resistance of conductors
inside scme electrical equipment or device; the resist-
ance of the device or equipment measured between its
terminal connections. The resistance of conductors
through which currents flow inside a battery, gen-
erator or motor,

CIRCUIT LAWS

Ohm’s Law. A fundamental electrical law which
expresses the relationship between voltage, current,
and resistance in a direct current circuit. or the rela-
tionship between voltage. current and impedance in
an a.c. circuit. The three forms of the law in each
case are given helow, in which E is the pressure in
volts, I is current in amperes, R is resistance in ohms
and Z is impedance in ohms.

D.C. FORMS A.C. FORMS
E=IXR E=IXZ
I=E+R I=E=+Z
R=E-+1 Z=E=+1

OHM’S LAW FORMULAS

From the simple relationship between the size of
the units and the discovery of the effect of pressure
and resistance, we obtain the following formulas
called Ohm's Law Formulas.

E E
E=r— E = IXR, Re o
I
In which:
I=current in amperes.
E =pressure in volts.
R =resistance in ohms.

Simplified Ohm’s Law Formula

A very simple way to remember all three of these
formulas in one is shown by the following figure:

E
IXR

All that is necessary is to cover the one you wish
to find and the rcmaining 2 factors show you what
to do, if you know their values. For example if you
know the current and resistance of a circuit and wish
to find the voltage, cover E and the parts still shown
indicate to multiply IXR. Or if you know the volt-
age and resistance and wish to find the current, cover
I and do as indicated by the remaining two or divide
E by R.
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Kirchoff’'s Current Law. A fundamental electrical
law which states that the sum of all the currents
flowing to a point in a circuit must be equal to the
sum of all the currents flowing away from that point.

Kirchoff’s Voltage Law. A fundamenta! electrical
law which states that the sum of all the voltage
sources acting in a complete circuit must be equal
to the sum of all the voltage drops in that same circuit.

ALTERNATING CURRENT

The development or generation of alternating-cur-
rent voltage is shown in Fig. 1-3. At the left of this
figure is a sketch of a simple two-pole generator in
which the progress of the conductor throughout one
revolution is shown in eight steps of 45° each. The
successive values of voltage which will be induced in
this conductor are plotted or projected along a hori-
zontal base-line at the right side of the figure.

-

Y NIDT SN ] 45'1-45.'.;5’ 45"

be— 90— o

L J— l
oo 270° —

GEINERATION OF ALTERNATING CURRENT

Fig. 1-3. The above diagram illustrates the manner in which
alternating voltage is produced in a simple two-pole gen-
erator. The sine curve shows the variations and reversal
of voltage for one revolution of the armature.

Sine Curves; Alternation, Cycle, Frequency. If we
connect the points a, b, ¢, d, e, f, g, h, and i all to-
gether with a curved line, that line will form what is
known as a sine curve. This curve gives us a clear
mental picture of the manner in which the voltage
varies in amount or value and reverses in direction in
an alternating-current circuit.

The values from “a” to “e” are all positive and con-
stitute 180 E°, or one alternation. The values from
“e” to “i” form the negative alternation. These two
successive alternations, one positive and one negative,
complete one cycle.
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Cycle. One complete reversal of an alternating cur-
rent. including a rise to a maximum in one direction,
a return to zero, a rise to a maximum in the other di-
rection, and another return to zero. The number of
cycles occurring in one second is the frequency of an
alternating current. The word cycle is commonly in-
terpreted to mean cycles per second, in which case it
is a measure of frequency.

Kilocycle. One thousand cycles but commonly in-
terpreted as 1,000 cycles per second,

Megacycle. One million cycles per second,

Alternation. One-half of a cycle of alternating cur-
rent, during which the current rises from zero to maxi-
mum value and returns to zero.

Frequency. The number of complete cycles per sec-
ond which an clectric current undergoces.

Period. The length of time required for one com-
plete cycle of alternating current or voltage. As an
example, the period for 60 cycles per sccond is 1/60
second.

Sine Wave. The rise, fall and reversal of an alter-
nating current or voltage which would be induced in
a condnctor rotating at constant speed in a uniform
magnetic field and moving around a circle in that field.
The ideal form of an alternating wave.

MAXIMUM AND EFFECTIVE VALUES
OF ALTERNATING CURRENT

Fig. 1-4 at A shows a curve for one complete cvcle
of single-phase alternating voltage, and at B shows a
curve for the current that we will assume is caused to
flow by that same voltage cycle.

By actual test we find the heat produced by the A.C.
circuit is about 709 . or to be more exact .707 of that
produced by the D.C. circuit.

We therefore say that the effective voltage and cur-
rent yalues of an A.C. circuit are .707 of the maximum
values. It is this effective value that we consider in
ordinary work and calculations with A.C. circuits.
Ordinary A.C. voltmeters and ammeters are calibrated
to read the effective values and not the maximum
values.

Oune of the most important points to be considered,
however, is that to produce a given effective voltage
in an A.C. circuit, the maximum voltage for its short
periods during each alternation will be considerably
higher than the effective voltage registered by the
meter. This places a higher voltage strain on the in-
sulation of an A.C. circuit of a given cffective voltage
value, than on a D.C. circuit of the same voltage.

When either the maximum or effective value of an

8
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A.C. circuit is known, the other can be found by one
of the following formulas:
Effective value = Max. value X .707
Maximum value = Eff. value =+ .707
The above formula for finding maximum value can
bhe changed to read:
Max. value = Eff. value X 1.414

1%
10 Maximum Velue 1,
% — Eifective Value 70 _
n Average Value 636 __
2| 4 )
S % Posdive
A N Axis
ol % Negative
M
5l ¥
%] Voltage Sime Cuvve

10—

1%

1%

10— Maximum Value 1
HEEVE Effective Value T07
K Y Average Vailue 6306
5 Yo Positive

B I~ Axys
Y4 Negative
Y~

%71 current Sme Curve
10—

1‘4—

Fig. 1-4. These sketches show the maximum, effective, and
average values of alternating voltage and current.

Maximum Value. 'I'he greatest value reached by an
alternating voltage or current during any instant in
the cycle.

Peak. The maximum instantaneous value of a vary-
ing voltage or current.

Instantaneous Value. The voltage, current or other
value at some instant of time in a circuit wherein the
voltage or current is continually changing, as with
alternating current.

Effective Current. That value of alternating cur-
rent which will cause the same heating effect as a
given value of direct current, For sine wave alternat-
ing currents, the effective value is approximately seven-
tenths of the peak value.

R.M.S. Root mean square value. which is the
effective value of an alternating current. It corre-
sponds to the equivalent direct current value which
will produce the same heating effect. Unless other-

Amperes

9
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wise specified, alternating current values are always
r.m.s. values.

Average Value. A voltage or current found by
adding together a large number of instantaneous val-
ues and dividing by the number of values. In an
alternation of sine wave form the average value is
0.636 times the maximum value.

SINGLE-PHASE AND POLYPHASE
CURRENT

Fig. 1-5 shows three sets of curves for single-phase,
two-phase, and three-phase circuits. The single-phase
curve at “A” has successive alternations of 180° each.
The two-phase circuits have two sets of alternations
occurring 90° apart; that is, they start, reach their
maxinium values, and finish always 90° apart. Three-
phase circuits have three sets of alternations, 120°
apart, as shown at “C” in the figure.

-— 180" —— =
i

P 180" -~
Single Phase Voitage Curve

Phase-A Phase-B

1
t
[}
1
1

® Eso’ —aL— 90" —=fe )\

“Two Phase Yoltage Curves

PhaseA PhaseB Phase C Phase-A

-4k - 3= -
g

P

Sy, . |7.o'-—-to»——|zo'—j .
280 ————— -
T ——

Three Phase Voltage Curves.

Fig. 1-5. The above diagram shows the sine curves for single-
phase, two-phase, and three-phase alternating voltages.
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ELECTRIC CIRCUITS

PHASE RELATIONS OF VOLTAGE AND
CURRENT '

The voltage and current of an A. C. circuit can
both be shown in the same diagram by separate sets
of curves drawn along the same zero or axis line, as
shown in Fig. 1-6. This figure shows the curves for
a three-phase circuit. The solid lines represent the
voltage impulses and the dotted lines represent the
current impulses.

In this diagram the current value is shown to be
slightly less than the voltage value by the lower height
of the curves; bhut the current aiternations are in
phase or in step with the voltage alternations. In
other words, the current and voltage alternations of
each phase start together, reach their maximum values
together, and finish together,

S o T Saer’ M’ s

Three Phase Voltage and Current Curves.

Fig. 1-6. Voltage and current curves of a three-phase circuit.
The voltage is shown by the solid lines and the current by
the dotted lines.

It is possible, however, to have the current im-
pulses occur out of phase with the voltage impulses
in A. C. circuits, due to the effects of inductance or
capacitance in these circuits,

The current may either lag or lead the voltage,
according to whether the inductance or capacitance is
greatest in the circuit.

Phase. In alternating current or voltage, the por-
tion of a cycle or period through which the current
or voltage has passed since going through zero value
at the beginning of the cycle or period. The position
of the current or voltage is specified in degrees, of
which 360 compose a complete cycle or period,

INDUCTIVE REACTANCE, CAPACITY
REACTANCE, and IMPEDANCE

The effects or opposition offered by inductance and
capacitance to the current and voltage of an A. C. cir-
cuit, are known as inductive reactance and capacitive
reactance.

1



ELECTRIC CIRCUITS

If resistance, inductive reactance, and capacitive re-
actance all tend to limit the current flow in A. C
circuits.

The total opposition offered to the flow of current
in an A. C. circuit, is called impedance. The impedance
of an A. C. circuit therefore, compares with the re-
sistance of a ID C. circuit.

The impedance and reactance of A. C. circuits are
hoth measured in the unit ohm, to be comparable to
the resistance in ohms.

Reactance. pposition offcred to the flow of alter-
nating current by the inductance or capacitance of a
part. Reactance is measured in ohms. and depends
upon the frequency of the alternating current as well
as upon the clectrical value of inductance or capaci-
tance. A condenser has capacitive reactance, and a
coil has inductive reactance. The letter X is used to
designate reactance.

Impedance. The total opposition which an alternat-
ing-current circuit offers to the flow of alternating or
pulsating direct current at a particular frequency.
Impedance is a combination of resistance and re-
actance, and is measured in ohns,

Admittance. The measure of ease with which an
alternating current flows in a circuit. The reciprocal
of impedance. Measured in micromhos (mhos.).

Resonance. The condition is a circuit whose in-
ductive reactance and capacitive reactance are equal,
allowing them to completely balance or neutralize each
other and leaving only the resistance of the circuit
to oppose flow of current in it

Series Resonant Circuit. A circuit in which a coil
and capacitor are connected in series, and have values
such that the inductive reactance of the coil will be
equal to the capacitive reactance of the capacitor
at the desired resonant frequency. At resonance, the
current through a series resonant circuit is a maximum,

Parallel Resonant Circuit. A circuit consisting of a
coil and capacitor connected in parallel. At reson-
ance, it offers a high impedance, so that a large value
of voltage is developed across it at the frequency to
which it is resonant.

Resonant Frequency. The frequency which pro-
duces resonance in a coil-capacitor tuning circuit. In
a series resonant circuit, the largest current flow oc-
curs at the resonant frequency. In a parallel resonant
circuit. the largest voltage is developed across the
circuit at the resonant frequency.

LAWS FOR A-C CIRCUITS

Ohms Law for A. C. Circuits, Ohms law can be
applied to an A C. circuit by simply substituting the

12



ELECTRIC CIRCUITS

ohms of total. impedance for the ohms resistance used
in D. C. Ohms law.

From Ohms law for D. C. circuits we learn that
the current flow is determined by dividing the voltage
by the resistance in ohms. Then for A. C. circuits,
the current can be determined by dividing the effec-
tive voltage by the impedance in ohms. Or,

E

yA

And from this we can obtain by transposition the
other two very convenient formulas:

Z=—§:,andE=Ix7«

Series A. C. Circuits. There are four classes of series
circuits commonly encountered in alternating current
work. These are as follows:

(a) Circuits with resistance only

(b) Circuits with resistance and inductive reactance

(c) Circuits with resistance and capacitive reac-

tance

(d) Circuits with resistance, inductive reactance,

and capacitive reactance.

Incandescent lighting circuits and those supplying
similar non-inductive equipment are considered to
have resistance only. Actually these circuits have a
slight amount of inductance and capacitance, but it is
so small that it is negligible.

Circuits of this type can be treated similarly to D. C.
circuits, because the resistance is the only opposing
force to the current and therefore the resistance equals
the total impedance. To determine the current flow
in such circuits it is only necessary to divide the ap-
plied voltage by the resistance or impedance in ohins.

Formula for Impedance of Resistance and Inductive
Reactance in Series. The impedance of such a circuit,
with resistance and inductive reactance in series, can
be calculated accurately by the following formula:

Z =R+ X2

We can obtain the impedance in ohms by squaring
the resistance and inductive reactance in ohms, adding
these squares together, and then extracting the square
root of the sum, as shown by this formula.

In the case of the circuit shown in Fig. 1-7-A, where
we have 8 ohms resistance and 6 ohms inductive re-
actance, our problem would be:

Z = V8 + 62 or
Z = /64 + 36, or
Z = /100, or 10 ohms impedance

= -~ o .. B _JEE

- )



'  ELECTRIC CIRCUITS

Resistance and Capacitance in Series. Fig. 1-7-B
shows a circuit in which a resistance and capacitance
are connected in series. The resistance of 4 ohms is
represented by the usuval symbol and the capacitive
reactance of 3 ohms is represented by the symbol for

a capacitor.

The impedance of the circuit can be calculated by
the use of a formula very similar to that used for the
circuit in Fig. 1-7-A. The formula is as follows:

Z = v/R2? + Xc3, or, in this case

Z =434+ 32 or

Z =16+ 9, or

Z = /25, which gives 5 ‘ohms impedance

Resistance, Capacitance, and Indidctance in Series.
Fig. 1-7-C shows a circuit in which we have resis-
tance, inductance, and capacitance all in series.

The total impedance of a circuit such as shown in
Fig. 1-7-C can be more accurately calculated by means
of the formula:

Z = VR3 + (XL — Xc)2
And the final solution of the problem will be:

Z = /400, or 20 ohms.

A R= 8 ORMS Ri 2 6OMMS
R Re
—
=
B 4 ORM3 3 onmMs
R A Re
—
16 OHMS 22 onmMs 10 OWMS

Fig. 1.7. Types of series a-c circuits.
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ELECTRIC CIRCUITS

Parallel A. C. Circuits. Parallcl alternating current
circuits are of the same four gcneral types as series
circuits. That is, they may contain resistance only,
resistance and inductance in parallel, resistance and
capacitance in parallel, or resistance, inductance, and
capacitance in varallel.

R /3 Ohm

0000

Line

Fig. 1-8. Resistance and inductance in parallel. The im-
pedance for this circuit can be determined by the formuilas
given on this page.

Resistance and Inductance in Parallel. Fig. 1-8

shows a resistance of 24 ohm connected in parallel _

with an inductive reactance of % ohm. The total im-
pedance of this circuit can be determined by the
following formula:

= =l
\/ ( 1 >2+ 1\s
R XL
According to this formula we must first obtain the
separate reciprocals of the resistance and inductance
by dividing the number 1 by each of these values in
ohms. These reciprocals are then squared and added
together and the square root of their sum next ob-
tained. The final step is to obtain the reciprocal of
this square root by dividing the number 1 by it, as
shown by the formula.
Using with the formula the values given in Fig.
1-8. the problem becomes:

1

G+()

_ which equals 2/5 ohms, total impedance.

15



ELECTRIC CIRCUITS

Resistance and Capacity in Parallel, Fig. 1-9 shows
a circuit with a resistance of ¥4 ohm and a capacity
reactance aof ¥4 ohm, connected in parallel. The total
impedance of this circuit can be determined by a for-
mula similar to the one just used, or as follows:

R +'x—c)

Z = %, or # ohm impedance

R:Ya Ohm _1

%c:Y3 Ohm

Lime

Fig. 1-9. Resistance and capacitance in parallel in an A, C,
circuit.

Resistance, Inductance, and Capacitance in Parallel
Fig. 1-10 shows a circuit with inductance, resistance,
and capacitance in parallel.

The total impedance of this circuit can be found
by the formula:

1
YA

RO

Note the similarity between this formula and the one
which was used for intpedance of series circuits having
inductance, resistance, and capacitance. The principal
difference is merely that with parallel circuits we use
the reciprocals of the values, instead of the v¥alues in
ohms themselves.

You will also nete that with parallel circuit prob-
lems we subtract the reciprocal of the inductive reac-
tance from the reciprocal of the capacitive reactance,
as one of these effects tends to neutralize the other,
as they did in series circuits.

16



ELECTRIC CIRCUITS

In the circuit shown in Fig. 1-10 the inductive re-
actance in ohms is larger than the capacitive reactance,
but when the reciprocals of these values are obtained
their relative sizes will be reversed, as shown by their
subtraction in the formula. .

In a circuit where the capacitive reactance might be
the greater, we would rcverse the order of subtrac-
tion, in order to subtract whichever reciprocal is small-
est from the one that is largest.

So, Z = -1- or %ohm impedance

$

X =1k Ohms

R =1/ Ohms

N Xe =Y Ohms

Fig. 1-10. This sketch shows inductance, resistance, and
capacitance connected in parallel,

Current in Parallel Circuits. The current through
the separate branches of the circuit, or the devices
which contain the resistance, inductance, and capaci-
tance, can be determined by the use of an A, C. ant-
meter, or by the use of Ohm's law formulas for cach
branch, as follows:

E E E 1
"'ﬁ'l -, I = —, etc.

I =xv! =X

For example, in Fig. 1-11 is shown a circuit with
resistance, inductance, and capacitance in parallel. We
can assume that these are a heater resistance, a trans-
former winding. and a capacitor all operated from
the sanie 40-volt line. Separate tests made with an
ammeter in the circuit of each device show 8 amperes
flowing through the resistance or heater, 4 amperes
through the inductance or transformer coil, and 2
amperes in the capacitor circuit.

17
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ELECTRIC CIRCUITS

By use of Ohm’s law formulas, we can detcrmine
the resistance and reactance in ohms of each of these

devices.
E

- or

R==I

XL =

I

E
Xec ==TorXc =

R = %), or 5 ohms
or XL = %), or 10 ohms

or 20 ohms

40€. a1 41 ZL||'||

Fig. 1-11. Note the amount of current in each of the branches

of the above circuit.

CONVERSION OF MEASUREMENTS

Multiply a Measurement By This
Given In These Units Number
ampere-turns 1.257
ampere-turns per inch 0.4950
British thermal units 778
British thermal units 0.0003938
British thermal units 0.000293
British thermal units 0.2928
Btu’s per hour 0.000393
centimeters 0.3937
centimeters 0.¢3231

0.000005067
0.000000785

circular mils
circular mils

cubic centimeters 0.06102
cubic feet 1728

cubic feet 7.481
cubic inches 16.387

cubie inches 0.00438
cubic meters 35.31
degrees, angular 60

degrees, centigrade 1.8

degrees Fahr, minus 82° .5556
dynes 0.00000225
feet 0.3048

feet per minute 0.5608

feet per minute 0.01136
feet per second 30.48
foot-pounds 0.001286
foot-pounds 0.000000505

18

To Find the Equivalent
Measurement In
These Units

gilberts

gilberts per em.
foot-pounds
horsepower-hours
kilowatt-hours
watt-hours
horsepower

inches

feet

square centimeters
square inches

cubic inches

cubic inches
gallons

cubic centimeters
gallons

cubic feet

minutes, angular
degs. Fahr. minus 82°
degs. centigrade
pounds

meters

centimeters per sec.
miles per hour
centimeters per sec.
British thermal units
horsepower-hours
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CONVERSION OF MEASUREMENTS (Cont.)
To Find the Equivalent

Multiply a Measurement By This Measurement In
Given In These Units Number These Unita

foot-pounds 1.3558 joules

foot-pounds 0.0003766 watt-hours

gallons 231 cubic inches

gausses 6.452 lines per square inch

gilberts 0.7958 ampere-turns

gilberts per centimeter 2.021 ampere-turns per inch

grams 0.08527 ounces

horsepower 42.44 Btu’s per minute

horsepower 550 foot-pounds per sec.

horsepower 0.7457 kilowatts

horsepower 745.7 watts

horsepower-hours 2547 British thermal units

horsepower-hours 0.7457 kilowatt-hours

inches 2.54 centimeters

inches 25.4 millimeters

inches 1000 mils .

joules 0.7876 foot-pounds

joules 0.0002778 watt-hours

kilograms 2.2046 pounds

kilolines 1000 maxwells

kilometers 3281 feet

kilowatts 56.92 Btu's per minute

kilowatts 787.6 foot-pounds per sec.

kilowatts 1.841 horsepower

kilowatt-hours 3415 British thermal units

kilowatt-hours 1.841 horsepower-hours

lines per square cm. 1 gausses

lines per square inch 0.155 gausses

liters 61.02 cubic inches

liters 1.057 quarts

lumens per sq. foot 1 foot-candles

maxwells A § lines

meters 3.281 feet .

meters 39.87 inches

miles 5280 feet

miles 1.6093 kilometers

millimeters 0.039387 inches

ounces 437.5 grains

ounces 28.35 grams

quarts 57.756 cubic inches

radians 57.30 degrees

square centimeters 0.1550 square inches

square inches 6.452 square centimeters

square mils 1.278 cirtular mils

watts 0.06692 Btu’s per minute

watts 44.26 foot-pounds per min.

watts 0.7376 foot-pounds per sec.

watts 0001341 horsepower

watt-hours 3.4156 British thermal units

watt-hours 2655 foot-pounds

watt-hours 0.001341 horsepower-hours

webers 100000000 . maxwells

CENTIGRADE AND FAHRENHEIT TEMPERATURES

CHANGE CENTIGRADE TO FAHRENHEIT EQUIVALENT:
1. Multiply the number of centigrade degrees by 9.

2. Divide the product by 5.
3. Add 32 degrees.

CHANGE FAHRENHEIT TO CENTIGRADE EQUIVALENT:
1. From the number of Fahrenheit desgtrees subtract 32.
2. Multiply the result by 5.

8. Divide the product by 9.

See accompanying .graph for conversion of temperatures in

the usual working ranye.
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ELECTRIC CIRCUITS

RELATION OF CENTRIGRADE AND FAH-
RENHEIT TEMPERATURES
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Section 2
READING WIRING DIAGRAMS

The language of electricity is written in electrical
diagrams. and the best and quickest way to learn how
to read and draw electrical diagrams is to start right
in reading the kind of diagrams used by men in the
electricai industry.

Instead of first trying to memorize all the little
separate rules and methods that engineers use in mak-
ing diagrams, then trying to fit these things together
later on, it is far better to commence studying com-
plete practical diagrams right in the beginning. Noth-
ing could be better adapted to such study than the
diagrams in this book, for they not only represent
actual electrical practice, but they have been proved
through constant use by hundreds of electrical men
working and learning in the Coyne School shops.

SYMBOLS AND PICTURES

Electrical diagrams show wires and other connec-
tions between separate electrical devices, such as a
lamp and a switch, or may show the connections in-
side some electrical device, such as those inside a
motor. The wires are easily shown by simple lines
on the diagram, but it is not always so easy to show
the connected devices, such as lamps. switches and
motors., These devices miight be shown with pictures,
but there is a better and simpler way.

The reading of all electrical diagrams is made re-
latively easy by using symbols instead of pictures to
represent electrical parts. A symbol is a sort of
simplified picture, a kind of sign writing. The differ-
ence between symbols and pictures is shown on the
following pages of symbols, where many common
clectrical devices are shown both ways.

A picture can show the external appearance of only
one particular make or model of an electrical part,
and in nearly every case fails to show how the part
behaves electrically. Consider the pictures of switches
shown on one of the pages of symbols. Except for the
knife switches, where the working parts are exposed,
any of these switch pictures might represent almost
any type of switch—open circuit. closed circuit, double
circuit or double throw. But the symbols for the
.switches indicate quite clearly how the switches work
electrically, how they are supposed to open and close
electrical circuits. The same differences between sym-
bols and pictures show up with adjustable resistors
and with other devices having moving parts.
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READING WIRING DIAGRAMS

SYMBOLS

For quite a few electrical parts we have a choice
of two or more symbols which mean the same thing.
For instance, wires that cross without being connected
may be shown in any of three ways. Some engineers
and draftsmen use one method, while others use a
different one—-it's just a matter of personal choice.

Other examples of different symbols for the same
thing occur with cells and with batteries. The shorter
lines may be of the same thickness as the longer lines,
or the shorter ones may be much heavier. Trans-
formers may be shown with zig-zag lines or with
loops, resistors may be drawn to look like a dovetail
joint or to look like saw teeth. The meaning of a
symbol is not altered by the style used, any more than
the meaning of words is altered by writing themn

* sometimes slanting, sometimes vertical, and sometimes
backhand.

The man who makes the diagram may specify,
usuvally by a note on the diagram, that certain styles
of symbols have special meanings on that one dia-
gram. For example, it might be noted that resistors
shown like a dovetail indicate those constructed with
cast iron “grids,” and that those shown by a saw-
tooth line indicate those that are wire-wound. But
these are special cases and they do not alter the gen-
eral meanings of the symbols.

Compared with pictures, symbols are easier to
draw, are easier to recognize even though roughly
or crudely drawn, and with symbols it usually 1is
easier to follow current paths through the parts. As
a consequence, practically all electrical diagrams make
use of symbols,

WHAT EACH SYMBOL MEANS

Because the symbols shown on the pages of sym-
bols and pictures are used in so many electrical dia-
grams you should become well acquainted with the
meaning of each of them. The following explanations
tell just what each symbol signifies,

Wires Crossing (Not Connected): Wires which are
not electrically connected together, but which must
cross one another in a diagram, are shown by any of
these symbols. The left-hand symbol generally is
preferred, especially in engineering work, but the one
at_the right indicates the crossing most clearly,

Wires Joined or Connected: Wires which are elec-
trically- connected together, so that current may flow
from one to the other, are shown by these symbols.
Note that a small black dot indicates the point of
joining.
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SYMBOLS USED IN WIRING DIAGRAMS

SYMBOLS
Wires Crossing —

PICTURES
Not Connected

I ]

| ]

=

Wires Joined

or Connected

|
t

S

Switches
o ——0——‘
t . 7 ?%j
Open Circuit Closed Cisenit E
" % E
Double Circuit Double Throw
Lamps

_@__O_

6O

Cells — One,

of Any Type

—— ——

0 [T

Battery — T'w

o or More Cells

—ii— —Ja] 1]~

-

00

Transfornmers —

With Iron Cores

R

i

)

With two untapped windings

o =

Tapped ~ Thres
PP i

o
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SYMBOLS USED IN WIRING DIAGRAMS
SYMBOLS PICTURES

Resistor — Fixed

PrePPI— )

Resistor — Adjustable or Variable — Rhcostats

i

A
DI,V

Mcters

105080 L 2

Direct-Current Machines

66 |l@pLh

Gienerator Motor

. Alternating-Current Machines

6 @ 9=

Alternator Motor

Fixed Capacitor or Condenser

—+ = ()

Variable or Adjustable Capacitor.or Condenser

t* T
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SYMBOLS USED IN WIRING DIAGRAMS
SYMBOLS PICTURES

Inductor, Reactor or Choke Coil

e | (5 )

Air Core Iron Core

Ground Connection

4 g

Signals

@DQ @Qﬁai

Buzzer Annunciator __J

Relay .

© m )

Switch, Open Circuit: This symbol may indicate
a press-button switch or other type normally held
open by a spring, and closed by pressing a button
or a lever. The switch opens again when the button
or lever is released. The circuit in which the switch
is conuected normally remains open. This type may
be called a normally open switch,

Switch, Closed Circuit: This is a switch normally
held closed by a spring, and opened by pressing a
button or operating a lever. The circuit in which the
switch is connected normally remains closed. This
type may be called a normally closed switch.

Switch, Double Circuit: This switch has three wire
terminals, one connected to the movable blade of the
switch, another to the contact point with which the
blade is held in contact by a spring, and the third
connected to the contact which normally is separated
from the movable blade. A circuit normally remains
closed between the movable blade and one contact
point, and upon pressing the button or lever the
connection is shifted to the other contact. This may
be called a two-way switch,




READING WIRING DIAGRAMS

Switch, Double Throw: This switch will connect
one wire or one line to either of two other wires or
lines, depending on which direction the switch handle
or blade is moved.

Lamps: Either of these symbols may be used for
any style of incandescent lamp. If some other style
of lamp is to be indicated, such as a fluorescent type,
a note to that effect should be made on the diagram,
or else some special symbol should be used and
plainly identified.

Cells: A cell is a single unit that produces emf aud
causes current to flow m a closed circuit. The longer
line usually indicates the positive terminal of -the cell,
although this is not an invariable rule.

Battery: A battery consists of two or more cells
which, when connected together in series as indicated
by the syimbol, deliver more emf or more voltage than
a single cell. While the end of the battery shown
by the longer line usually is considered to represent
the positive terminal, it is better practice to mark the
ends with plus (+) and minus (—) signs for polarity.
The number of cells shown in the battery symbol
does not necessarily indicate the number of cells in
the actual battery. A few long and short lines may
indicate any number of cells, One end of the symbol
may be a long line and the other a short line, both
ends may be long lines (this is good practice), or
both ends may be short lines '

Transformers: Transformer windings may be indi-
cated either with zig-zag lines or with loops. The
zig-zag lines are preferred in commercial and indus-
trial power and light circuits, while the loops are
generally used in radio circuits. When ustng looped
lines for the windings. one or more straight lines
between the windings indicate an iron core. The ab-
sence of such straight lines means an air core. An
iron core is assumed when using the symbol consist-
ing of zig-zag lines, since power transformers always
have iron cores.

Resistor, Fixed: A fixed resistor is one whose re-
sistance cannot be altered while the resistor is in a
circuit and is carrying current. The left-hand symbol,
appearing like a dovetail joint, is the one used for
resistors in commercial and industrial power circuits.
The saw-tooth or zig-zag line is used for resistors in
radio circuits. Provided there is no danger of con-
fusing the resistor symbol with the one for trans-
former windings, the saw-tooth symbol may be used
to indicate resistors i any circuit,

Resistor, Adjustable or Variable: An adjustable or
variable resistor is one whose value in ochms. or whose
resistance,-may be altered while the resistor s in use
and is carrying current. An adjustable resistor may

.
S e s,
.o .e .
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READING WIRING DIAGRAMS

be called a rheostat. These devices are used for
adjusting or varying the voltage and current going
to some piece of electrical equipment or to a circuit.

Meters: All kinds of meters are indicated by circles
within which are letters identifying the kind of meter.
In addition to the symbols shown, a circle with an
enclosed “F" would indicate a frequency meter, one
with “WH" would indicate a watt-hour meter, one
with “MD” would indicate a maximum demand meter,
and so on.

Direct-current Machines: Direct-current generators
and motors are indicated by circles which represent
their commutators, and with diagonal lines which
represent the brushes. Without a letter in the circle
the symbol usually means a generator or dynamo,
although it is common practice to place a “G" within
the circle to prevent possible misunderstanding. The
letter *M” within the circle indicates a motor.

Alternating-current Machines. An alternator or al-
ternating-current generator is indicated by two con-
centric circles representing the slip rings and by slop-
ing lines that represent the brushes or collectors. There
are so many varieties of alternating-current motors
that the symbol is simply a circle with the letter “M"”
inside. The general type of circuit, the connected wires,
and other equipment in the circuit will help to iden-
tify many of these siniple symbols and to avoid con-
fusion. As an example, there would be three wire
connections running to a three-phase alternating-cur-
rent motor.

Fixed Capacitor or Condenser: An electrostatic
condenser is ccmmonly called simply a condenser,
Capacitor is the better name, because there are many
other kinds of condensers. The left-hand symbol,
consisting of two parallel lines; is the one generally
used in radio work. The right-hand symbol, indicating
the interleaved plates and dielectric of the capacitor,
is generally used in commercial and industrial circuit
diagrams,

Variable or Adjustable Capacitor or Condenser:
Either of these symbols indicates a capacitor whose
value or whose capacitance may be altered or changed
while the capacitor is working in a live circuit. Both
of these symbols originated in radio work, since it is
only in this and similar fields that adjustable capacitors
are generally used.

Inductor, Reactor or Choke Coil: Any coil or wind-
ing which possesses considerable self-inductance and
inductive reactance may be shown by these symbols.
The looped lines are the standard symbols for in-
ductors or coils both in power diagrams and in radio

- diagrams.
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Ground Connection: A ground connection is a con-
nection either to a conductor that leads into the earth,
or to the metallic framework and supports that carry
electrical equipment. Two or more ground connec-
tions shown by symbols in the same diagram are
assumed to be for the same ground, so that there is a
continuous. conductive path between the grounds
shown on the diagran.

Signals: The symbols for bells, buzzers and annun-
ciators are among those mostscommonly found in
wiring diagrams. Other signal symbols will be shown
on later sheets of symbols.

Relay: A relay is a switch’ whose contacts are
operated by an electromagnet in which flows current
that controls the relay. The contacts are in the same
or a separate circuit. Relays often are shown by an
outline having the shape of the part to which wire
connections are made, and on which the relative posi-
tions of terminals are clearly shown.

SYMBOLS FOR BUILDING WIRING

The symbols on earlier pages are those generally
used for diagrams in which it is possible to trace the
current paths throughout the entire electrical system.
They are used for schematic diagrams and for circuit
diagrams. The following pages, Symbols for Building
Wiring, show how the various electrical devices are
indicated on diagrams for building wiring. Most of
these symbols are for various kinds of outlets. An
outlet is a point on a wiring system from which is
taken current for lamps, fixtures, appliances, heaters,
motors, or any other electrical equipment.

The names printed alongside the symbols usually
indicate quite clearly just what kind of outlet is meant.
However, we shall follow down throngh the columns
uf the page and explain some points which may not
be entirely clear.

A Capped Outlet is an outlet provided for possible
future use, but at present closed with a screwed-on
plate and having no external connections, A Junction
Box is a steel or porcelain enclosure within which are
joints between wires frem different branches or runs
in the wiring system, but to which lamps and other
equipment are not connected. Vapor Discharge lamps
include mercury vapor and fluorescent lamps as dis-
tinguished from incandescent lamps.

A Duplex Convenience Qutlet is one to which two
cord plugs may be connected at the same time. Con-
venience Qutlets in general are outlets designed to
take the prongs of.the plugs on flexible cords. A
Switch and Convenience Qutlet is one that takes one
cord plug and has in the same box a switch controlling
current to the plug connections,
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GENERAL OUTLETS
CEILING WALL

Ovtlet . O'O
©® ©

Drop Cord @

Copped Outiet

Electricol Outlet—for use when con-
fused with columns, plumbing sym-
bols, etc.

Fon Outlet

Junction Box

Lomp Holder

Lomp Holder with Pull Switch

Pull Switch

SR NCNGECHCNC!
bOO6HE OO b

Outlet for Yopor Discharge Lomp

Exit Light Outlet

@0

Clock Outlet (Lighting Yoltage)

CONVENIENCE OUTLETS
’
Duplex Convenience Outlet @

Convenience Outlet other than
Duplex. 1==Single, 3=_Triplex, eic. %I.J

Weotherproof Convenience Outie! %wr
Ronge Outlet %'

Switch ond Convenience Outlet %$
Rodio ond Convenience Outlet

Speciol Purpose Outiet (describe in
specifications) . 3 O

Floor Outlet .. @
SPECIAL OUTLETS
dition of o subscript letter designotes
S o.be-etc
List the key of symbols on eoch

Any stondord symbol with the od-
o t Ooabe-ete
some speciol variotion of stondord

equipment.

drawing ond describe in specifico- $ o,bc-etc
tions.,

SWITCH OUTLETS

Single Pole Switch ... ........ . $
Double Pole Swilch ... .......... $:
Theee Woy Switch ... ........ $3
Four ¥/~ Switch ................. $ 4
Auvtomotic Door Switch $ o
Electrolier Switch Ry
Key Operoted Switch $K
Switch ond Pilot Lamp $’
Circuit Brecker $(l
Weatherproof Circuit Breoker $"C'
Momentory Contoct Switch $“(
Remote Conlrol Switch $“C
Weatherproof Switch Gwe
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PANELS, CIRCUITS &

MISCELLANEOUS Controer ... ................ =
Lighting Ponel .. ] hsoloting Swikch .................. =
Power Panel .. e

AUXILIARY SYSTEMS

Bronch 2-Wire Circuit — Cﬁﬂng or

Woell .. . — Puh Button .......:............. @
Branch 2-Wire Circuit—Floor e

Indicate o greater number of wires: (BORRQI] .o/ - oioeso S0l Ml bercre o SR s, D’
A (3 wires), Aipt (4 wires), ete. - o)
Feeders. Use heavy lines ond des-

ignate by number from Feeder Annunclotor ..................... 'O

Schedule ... —_—

Telephone ...................... =]

Underflioor Duct & Junction Box —

Triple System. For double or sin- Telephone Switchboard ........... D<1

gle systems eliminale one or two

fines oo == Clock low Votogel ... [
Generator © Electric Door Opener ...... ..... (e]
MO o i TR . EETTETINN, 1o @ Fire Zlcrm Bell ..o, m
lnshument ........oooiieiniaian (D Fire Alorm Stotion . _..... ....... m
Tronsformer ............. FRERRRRRR ® c” Fire Alarm Station m

Fice Alorm Centrol Station . ...... [FA]

Automatic Fire Alarm Devics ... . [FS]

Wotchmon's Stofion ............. W
Wotchmon's Centrol Siction . ... 100)]
Hom ..., H
Norsa's Signal Plug [
Moid's Signal Pg .. . ....... ]
Radio Outlet ... ................ &
Signal Centrol Stafion .. 1E31]
Interconnection Box ... .......... =
BOMery ....ioceiiiiiiiiiiinas et

Auxiliary System 2.-Wire Circu#t ame - e o e

For o greater number of wires des-
ignate with numerats — 12-No. 18W-
%"-C., or by listing in schedule.
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READING WIRING DIAGRAMS

A Single Pole Switch opens and closes only one
side of a two-wire line, while a Double Pole Switch
opens and closes both sides. Three Way and Four
Way Switches are used for controlling a single lamp
or other equipment from two or more locations. An
Electrolier is a lighting fixture having a nuinber of
lamps. A Circuit Breaker Switch is circuit breaker
that operates automatically in case of excessive cur-
rent, and that may also be operated by hand like an
ordinary switch. A Momentary Contact Switch is one
that makes and then quickly breaks a connection as
the switch is operated.

KINDS OF ELECTRICAL DIAGRAMS

Before commencing the actual reading of electrical
diagrams you should understand that different kinds
of diagrams are intended for different purposes. Some
diagrams are especially helpful when you are install-
ing and wiring electrical apparatus, while others are
arranged to help you locate and remedy circuit
troubles. Some diagrams show only the external wires
and connections between exposed terminals of elec-
trical parts, others show the connections inside the
parts.

In this book are many diagrams of each kind. To
help you recognize their particular purposes and ap-
plications we now shall examine some examples of
each kind.

EXTERNAL AND INTERNAL DIAGRAMS

Some electrical diagrams show the wires and other
conductors through which electric current may flow,
or should flow, as it travels front the exposed ter-
minal screws and fastenings on each piece of electrical
equipment to the exposed terminals of other pieces in
the same circuit or same installation. A diagram of
this general type is shown by Fig. 2-1 where you may
see all the wires running between lamp outlets,
switches, and other parts of the lighting installation
for a small bungalow.

Other electrical diagrams show conductors and
current paths through the parts which are inside some
one electrical device. Diagrams of this type are shown
by Fig. 2-2, where it is easy to trace the current paths
through windings and contacts that are inside the
relays.

In diagrams A, B and C connections from terminals
O, M and C to the movable blade and the contact
points are shown by broken lines. This indicates that
these connections are made underneath the base of the
relay. The coil or magnet connections shown by full
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READING WIRING DIAGRAMS

lines are on top of the relay base where they may
be seen.

Between diagrams A and B is a list giving mean-
ings of letters used in the diagrams. In this list the
part numbered 2 is identified as a spring, otherwise
it might be taken for a resistor because of the manner
in which it is shown in the diagrams. Parts with
which there might be some confusion or doubt always
should be identified on the diagram.

=
gt l

g

()
X

|55 &—[— %C:

Fig. 2-1. Circuit Wiring Diagram for Bungalow.

”l. CIRLVITS PRSI BASLMLMT.
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READING WIRING DIAGRAMS

Still other diagrams show both internal and ex-
ternal connections, or may show the internal connec-
tions for only some of the parts, and the external con-
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Fig. 2-2, Internal Wiring of Relays

nections between all of them. Diagrams of this class
are shown by Figs. 2-3 and 2-4. The diagrams show
all the external connections between all the parts, they
‘show the internal connections inside the relays. but
they do not show the internal connections for the
signal bell in Fig. 2-3 nor of the motor in Fig. 2-4.
As you have just seen, it is possible to have a dia-
gram showing only external connections, possible to
have one showing only internal connections, possible
to have one showing both external and internal con-
nections, or possible tn bave one showing some ex-
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READING WIRING DIAGRAMS

ternal and some internal connections. The kind of
diagram furnished on any job depends on what work
you are to do—on whether you are to work only on
the external wiring, only on the internal connections,
or on both,

R N ey U
—F
]
o
ﬁp : e o
H ,'P1
Hr: = ]
1|+ =

Fig. 2-3. A railway crossing alarm system including a low-
resistance track circuit and a high-resistance relay circuit,
with a white light for a safety signal and a red light for
a danger signal.

LOW YOLTAGE CONTROL CaRCIMT POWER CIRCNT
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>—(l J }—\ AAAA A

(

BUTTONS
S
STARY Pam—
wTTONS ' AC. Lng

{if——+

Stick Circult

Fig. 2.4. Relays tor operating a motor from three different
places at which there are start huttons and stop huttons.
The stick circuit holds the relay for the power circuit closed
until one of the stop huttons is opened.

WIRING DIAGRAMS

When we speak of an electrical diagram as a wiring
diagram we usually mean that the diagram shows
exactly how wires are to be placed between electrical
parts, and just where each wire is to be connected.

Fig. 2-5 shows wiring diagrams including outline
shapes of a meter box and a service box. On these
boxes are shown the exact positions and connections
for the black or red wires (B or R) and for the white
wires (W). Anyone able, to use screwdriver and pliers
should be able to install wiring with the help of such
a wiring diagrani.

Fig. 2-6 is a wiring diagram because it shows for
the eclectric range the true relative positions of its
burners, switches and other parts, and shows the
actual locations of wire terminals on these parts. Were

-

34 .



READING WIRING DIAGRAMS

you looking at the range itse[f you would ﬁ.nd that
this diagram is practically a picture of the wires and
terminals.

CIRCUIT DIAGRAMS OR SCHEMATIC
DIAGRAMS

Fig. 2-7 shows two more electric range diagrams.
One is marked “Circuit for Cooking Unit,” the other
“Circuit for Oven Unit.” These are not wiring dia-
grams, because the heater elements, switches and
connections are not in the relative positions that they
actually occupy on the range. But, on these circuit
diagrams, it is easy to trace the paths for electric
current all the way from.the three main wires marked
L, N and L through the switches and through the
resistors which are heating elements, and back to the
main wires. This style of diagram shows the paths
for current very clearly, but does not place the parts
in their true relative positions. A circuit diagram,
which shows electrical circuits, may also be called a
schematic diagram, because, it shows the general
scheme of things from the standpoint of electrical
action.

It is plain that if you wish merely to check the
connections of wires to the terminals of this electric
range you-will prefer to work with the large wiring
diagram of Fig. 2-6. But should one burner fail to
operate and should you wish to check the paths
through which the resistor in this burner gets its cur-
rent, then it will help greatly to have a circuit diagram
or schematic diagram showing just how the switches
operate, and just which resistors should be carrying
current for each of the several degrees of heat. At
least it would save much time provided you knew
how to read a circuit diagram.

As a general rule the more expert and experienced
the electrician the more he prefers to have circuit
diagrams or schematic diagrams, and the less he de-
pends on wiring diagrams. After getting acquainted
with electrical apparatus in a general way, and when
you have a particular piece of apparatus right in front
of your eyes, it is not difficult to follow the wiring
between exposed terminals. But no one can follow
internal wiring without either taking the thing apart
or having a good circuit diagram, With such a diagram
it becomes easy to test for opens, high resistances,
shorts and grounds by connecting your circuit tester
to the exposed terminals —and to know from test
indications just what is wrong inside the part on which
you are working,
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PICTORIAL DIAGRAMS

Sometimes a wiring diagram is a pictorial diagram,
meaning that it counsists of pictures showing the ex-
ternal appearance of the parts and of the wiring con-

METER CONNECTIONS

2-WRL HINGLE  FUSED  SWITCW,
TWO 2-witt SINGLE FUSED BRANCH CIRCUNTS

SERVICE WIRES

5- WARE SOLD WEUTRAL SWITCH,

3 WL 30LI0  NEUTRAL  SWITCH.
OM 3-WRE 2-FUSID  BRARCH  CIRCLIT.

FOUR 2-wisC SINGLL FUSED BRANCH CRTUITS,

¢ okt

' "?’f’.

v d
L SWITIH | SwiTcw
2T - " Salily

Fig. 2-5. Internal connections, service
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oAb T~ m— T L._-h_é z I ,_E' SWTCH
- L= Covme

POLTPWASE !

tions, and ind

branch circuit connections for meters.

nections between them.

tion diagram, is a pictorial diagram,

Fig. 2-8, the range installa-

This diagram

shows pictures of how conduit (pipe for enclosing
wires) and armored cable (flexible metal covering for
wires) are to be run between the electric range, the
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READING WIRING DIAGRAMS

meter box, the switch box. the ground conn_ection,

and the outdoor service conmnection for the wires of

the electric power company.
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Wiring diagram for an electric range, showing the

relative positions of heating elements,
37
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READING WIRING DIAGRAMS
COMBINATION DIAGRAMS

Wiring diagrams, circuit or schematic diagrams,
and pictorial diagrams all have their particular uses.
But often more useful than any of them is a type
which we may call a combination diagram. Such a
diagram is partly pictorial and partly a circuit or
schematic diagram.

In Fig. 2-9 you may follow the internal connections
through the windings in the symbol for a transformer,
whose terminals are marked S-S-P-P, also through
the electromagnet windings of the bell shown toward
the right from the receiver, and you may follow the
current paths through the contacts of the receiver
hook switch. But internal circuits are not shown for
the transmitter or mouthpiece at the extreme left-
hand side of the diagram, nor for the receiver which
you place to your ear, nor for the ringer magneto
which is up near the line terminals at the right.

In this diagram of Fig. 2-9 we have symbols for
the transformer, the battery, and the ground connec-
tion inside the magneto. We have simplified pictures
for the transmitter and receiver. For the receiver
hook switch, the bell, and the switch on the magneto
we have a combination of picture and circuit diagram.

Excellent examples of combination diagrams are
the meter connections shown in Fig. 2-5. The meters
themselves are shown by outlines with the windings
inside the meters shown by loops counected to ter-
minals which are in the positions they actually occupy
on the meter bases. The fuses are shown very much
as they actually look. either when looking at their

oFF RGN MEDIIM Low
5 —

BAF fe] ] Lo

CIRCU'T FOR COOKING UNIT

s E HEATER
PII*N!AT BAKE RO 230 E HEATER

w@f% Elijis

UPPER  OVEN UNIT
Lowll OVEN unIT

——

Fig. 2-7. Circuit diagrams or schematic diagrams for the
electric range.

tops or their sides. The shaded parts near the fuses
are the connection straps, copper hars into which
thread the terminal screws for wire connections.
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READING WIRING DIAGRAMS

In these diagrams of Fig. 2-5 you have enough of
a picture of the meters and the meter boxes to let
you recognize every part of the actual equipment, and
in addition you have all the internal wiring and the
external connections so that every current path is

easy to trace. .
|

CONNELCTION BOX ON Rﬂlﬁlﬁl 1l

ALLOW  SUFFICIENT SLACK 50
RANGE CAM BE Moven 67
FROM WALL.

RANSE

‘| ARMoRED cABLE SO M
. | CImCUIT SWITCH
- - . P Za)
8, el @)
2l =t
Abl 3 G-RC WIRE f - TO LIGHTING
8.2 1" conpury CARCUIT. PANEL
A e — —
r‘V\r‘ 1 78 wire in ﬂ Zz %10 wWirES N i
"'c |§ 1D ConouT ~a R
Q' APPROVED GRAMD CLAND
€. e, -
0.0

I
"4 B, Tay o a0 iyise 6. @ I

Fig. 2-8. Pictorial diagrams or installation diagrams for the
electric range,

Fig. 2-9. A local battery type, silent ringing, telephone circuit.
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Section 3
CONDUCTORS AND WIRES

DEFINITIONS

Conductor. Any substance in which a difference of
voltage between two points causes current to flow
between these points. One or more wires carrying a
single current. A wire or other metal structure which
provides a path for electric current between two
points. A conductor is thus a material which offers
little opposition to the continuous flow of electric
current,

Non-Conductor. Any material which offers very
high opposition to the flow of electricity. An insulat-
ing material.

Wire. A metallic conductor having essentially uni-
form thickness, used chiefly to provide a path for
electric currents between two points, It may be bare
or covered with an insulating material such as enamel,
cotton, linen or silk.

Stranded Wire. A wire which consists of a number
of finer wires twisted together,

Cable. A stranded conductor (called a single-con-
ductor cable) or a combination of conductors insulated
frem one another (called a multiple-conductor cable).

Magnet Wire. Insulated copper wire in sizes com-
monly used for winding coils used in electro-magnetic
devices such as transformers, choke coils and relays.

B. & S. Gauge. Brown and Sharpe wire gauge, the
standard gauge used in the United States to specify
wire sizes,

Copper Wire Tables. Following, tables list diam-
eters. cross sectional areas, resistances, and other in-
formation relating to bare copper wires of gauge num-
bers from 0000 to 40 and for larger sizes which are
specified according to their areas in circular mils up
to 2,000,000 CM.

Note that resistances are given for certain tempera-
tures. Resistances will he less at lower temperatures
and greater at higher temperatures. Resistances at
temperatures other than those listed may be calculated
in accordance with instructions under the heading of
“Resistance Calculations” in this section. Resistances
of materials other than copper may be calculated from
data on mil-foot resistances given under the same
heading.
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B.&S. Fab. Pounds Bas
Armeric ] Area Ohma at 68 deg. Fah. Fout Amers
can Diameter can
Wire 1 c"fl"u‘:’ Wire
Gauge | Inches Per1,000F| PerMile | PesPound | PerPound | PerObm [Per 1,000 F| Per Ohm | PerMile | Gpuse
0000 | 0.450 211600, 004906 | 025003  0.008077(  1.s0122| 204977 6051 12987, 1. 000
000 | 0.40064 | 167805, 0.06106 | 032664 8.00012 19687 | 16288.27 so2.9s | asss. 2080, 000
0 |oseis | 133078, vor801 | eanw 0.00019 24024 | 1200187 swzes | sz 2. ™
o | 032085 | t0ssse. sovnt | 0.51909 0.00031 31503 | 10223.08 sisas | azes 1600, °
1 | 0.2893 02694, 0 12404 0.65490 $.00049 394714 8107.49 253.34 2041, 1340. 1
2 [o2sre3 | esans. 1563 v.azse 0.00078 a9mn2| ea2e.se 20081 | 1282, 1060, 2
s | o224z | szem, 010123 | 1o4ne 00128 o705 | sesam 15032 | soo. #0. 3
¢ 020031 | arras o2ases | 1313 0.00198 10101 | asese 1885 | ses. ses, ‘

s |oane | smoez 031381 Less 2.00314 a91903| 320091 120 | 310 s s
o |oaez0z | 2e2s1. ososis | 2em 000499 | 125807 | 250209 1462 | 200, az0. s
7 {oes2 | 2087 oen | 2.0 000797 | 158696 | 2015.5 s1o13 | 126 33, 7
o |oazee | 1este 0.0529 23 0128 20,0097 | 1599.3 wee | . 264, ’

s (onn4as | 13090 o1am “ 009 25229 | 126844 s6s6 | 80 209 9
19 | 810189 10302, 0.8441 LX) 0.0270 31.8212 1035.66 31.428 3. 166. 10
11 | 0.090742 0234, 1.254 [ X] $.0801 40.1202 797.649 24.924 2e. 132, u
12 | o.0s0s0s | esso. 1500 o osm 50.5906 | 632.588 10766 | 1268 108, 12
13 [oonser | s, 199§ 194 vz 637948 | s01.63 15.674 . 02 13
14 | 0.0ce08s | a0, 2.504 123 0200 sans | seren 12438 s.o8 658 1
15 | 0.057068 3287, 173 167 0.320 101.4365 15482 .12 21 13
10 | 0.05082 2382, “m 1. asiz 1212 250,184 198 " 16
17 |ooes2sr | 2008 ' ™ oo 16122 198.400 138 n7 "
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e | A Ohats at 68 deg. Pab. Four A
CAR

Wire Ta | Circular Wire
(Crege } lncka Per 1,000 Ft.| Per M Per Pownd | PerPousd | PerOwm [Per 1,000 Pr( PerOhm | PorMile | Cguie

18 | 0.04030) 1834, (3] ». 129 203374 157.38 .77 t L) 10

18 | 083589 1288, azs 44 mm 256.480 124777 0.473 06 it

20 | 0.031981 o2, .12 3. " 323.399 09533 o.003 163 »

H

21 | 0028462 e, 1376 . 1 “r.Ns 78473 2482 (81 129 £
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CONDUCTORS AND WIRES

COPPER WIRE TABLE

From National Electrical Code

Concentric Lay
Stranded Conductors.
Bare Rubl;ere,s g’ox;Per.
Ohms Per Conductor Varnished Cambric,
2 Asbestos
AW cM 1159%0.{;;1’: Varnished Cambrle
Dt A Iz‘lsnlll
am. rea sac
Inches | Sq. ius, | No.of Wire
3 Wires Inches
14 4,107 | 2.475 .0684 .003 024
12 530 | 1.557 .081 .005 030
10 10,380 9792 .102 .008 038
8 16.510 6158 .128 013 048
6 26,250 3872 .184 026 061
b5 33. 3071 213 035 068
4 41,740 .232 042 077
3 b 0 1931 .261 053 088
2 66,37 1632 .292 067 .097
1 83,690 1215 332 087 19 .066
0 105.500 09633 .375 110 1 074
00 133 07639 419 13. 1 .083
000 167.800 .06058 470 .173 1 .094
0000 211,600 .04804 .528 .219 1 .105
250,000 .04147 594 276 3 .082
.03457 841 .323 3 .090
350,000 .02963 688 .370 3 .097
400,000 .02592 734 .433 3 104
) 02074 828 .540 3 .118
600,000 .01729 .892 .628 6 .099
700,000 .01481 .968 735 6 .107
750.000 .01382 1.000 off g 6 110
800.000 01296 1.031 .8 [} 114
900,000 01153 1.094 .938 6 .121
1, ,000 .010: 1.172 1.039 6 .128
1,250,000 .00829 1.290 1.320 9 117
1,500,000 .00892 1.422 1.580 9 .128
1,750,000 .00593 1.546 1.872 12 117
2, ,000 .00518 1.6830 2.084 127 125

Note: Nos. 14 to 8, solid; Nos. 6 and larger, stranded.
No. 18, diam. .040; 1624 CM. No. 16. diam. .051; 2583 CM.

Insulated Conductors. The following tabie nsts in-
sulated wires or conductors according to the gen-
erally used trade names and type letters as given in
the National Electrical Code. Maximmum operating
temperatures are those of surrounding air spaces. The
kind and thickness of insulation, and the kind of outer
covering determine the uses for which the various
conductors are permitted. Note that the uses of many
types of conductors are strictly limited, while others
are designed for special purposes.

44



114

Maximum

‘Trade Type Operating Insulation ‘Thickness of Quter Use
Name Letter |Temperature Insulation Covering
14-10..
Cod R | soc (122 St 8-§0-53)go "HaneRetadot SenaaL BEY
e srade
Rubber 501-1000, EtbrousiCoveriag]
Over 1000
Mols Molsture Molsture-Reslstant General Use or in
b ture RW | 50C (122F) Reasistant Same as Typs R Flame-Retardant Wet Locations.
esigtant Rubber Fibrous Covering Sce Note A
Performance Molsture-Reslstant
Performance RP 60C (140F) Grade Bame a3 Type R Flame-Retardant General Use
Rubber Fibrous Covering
Heat-Resistant Molsture- Resistant
Heat- RH 76C (167F) Grade Same as Type R Flame-Retardant General Use
Resistant Rubber Fibrous Covering
Small Diameter| Heat-Reslstant Moisture-Resistant
Bullding Wire | RHT | 75C (167F) Grade 14-10......00ntn 2/64 | “Flame-Retardant General Use
(Heat-Resistant) Rubber | 8......c..c.uen 3/64 | Fibrous Coverlng See Note B
Small Diameter Performance Molsture-Resistant Rewlnng Exlsting
Bullding Wire | RPT 60C (140F) Grade 14-10........... 2/64 | Flame-Retardant Raceways
(Performanoe) Rubber Fibrous Covering Ree Note C
Type RU W! 90 Per Cent Molsture-Resistant Rewiring Existing
e Not RU | 60C (140F) Unmilled 14-10......... 18 Mils | Flame-Retardant Raceways
¢ o °) Grainless Rubber Fibrous Covering See Note C
Solld
Solid Flame-Retardant Rewiring Existing
Synthetle 8N 60C (140F) | Molsture-Resistant None Raceways
(See Note) Synthetic See Note C
Compound

SYOLONANOD dA.LVINSNI
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Maximum

Trade ‘Type Operating Insulation Thickness of Outer Use
Name Let‘t’er Temperature Insulation Covering
Synthetic and
Asbestos 3 Flame-Retardant Switehboard W
Synthetle | SNA | 80C (194F) REclted Cotton Brald tebibo tring
Varnished Varnished Fibrous Covering | Drfess Lond Sh gm
8 b nless Lea ea o
Cambrio vV | 85C (185F) Cambrio Except or Smaller than No. 6 by
Lead Sheath Special permission.
Asbestos Im; nated
Varnished AVA |110C (280F) A.é’&fé'os and Asbestos Rraid DGeneml l"In
Cambric Varnished Cambrie | 1% /0°8e | ry Locations
250-1000 Str. .
Asbestos lﬁ/%‘"s‘dl """ 80 Gen
e Flame-TRetardant cral Use
Varnished AVB | 90C (194F) |Same as Type AVA 1_%-_2/%:5.& [P ils el tars Dry Locations
250-1000 Str..110 Mils
Asbestos Soltd or Stra -g- General Use
%mb!;le: AVL | 110C (230F) | Same as Type AVA Lead Sheath Wet Locations
Felted i gr{ 1 Gtta‘oml%lgy‘
With ot for ners. N~
Asbestos A | 200C 392F) P e Asbestos iaout | duit Installation. In
Raceways, onl as
Wi ‘:dts es ox}tw! %{na
Vith or Without aratus. out
mpragues | A1 |15 asm) | Imgrgpyer e | Bk, Mot
Asbestos Asbestos Asbestos Brald | Limited to 300 Volta:

(u0)) SAOLINANOD AALVINSNI
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Maximum
O N

Trade Type Insul Thickness of Outer Use
Name Letter |Temperature Insulation Covering
Paper 85C (185¥F) Paper Lead Sheath See Note D
3 Bralds Cover
Slow Burning | SB 90C (194 Impregnated Same as v mu hed Smooth | For Use Only in Dry
B FireRecardent Type 'nd Hard Locatlons.
Thread
ow Burning Outer For Use Only in Dry
SBW | 90C (194F) Impregnated Same as Type V etard:
Weatherproof Cotton Thread m"(.)}:nlum‘ ocatloos
At Least Three
‘Weatherproof we B80C (176F) Cotton Braids May be used for Inter-

or Equivalent
Impregnated

for Wiring Onmnly b
Speclal Perm!sslo)x'x ¥

Synthetic insulation may stiffen at temperatures below freezing and care should be used in its
installation at these temperatures.

Wet locations include underground,

Sometimes used instead of types R, RP, or RH.
Used when, in rewiring for increased load space is not available in raceways for type R

) in concrete slabs or other masonry
or where condensation and accumulation of moisture within the raceway is

in direct contact

conductors, and it is not practicable to increase the raceway size because of structural

Note A.
with earth,
likely to occur.
Note B,
Note C.
conditions.
Note D.

except that an uninsulated neutral may be permitted.

Used for underground service conductors up to the point of attachment to service equipment,

(‘3uc)) SYOLINANOD AALVINSNI
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CONDUCTORS AND WIRES

CURRENT-CARRYING CAPACITIES OF
CONDUCTORS

The two following tables give the maximum allow-
able current-carrying capacities, in amperes, of various
types of conductors. These maximum currents are
such as will prevent overheating of the_conductor in-
sulation and its surroundings. They do not take into
consideration the voltage drop which, for runs of any
great length, would be excessive were these maximum
currents being carried.

One table shows currents for not more than three
conductors enclosed ‘together in a raceway or cable.
This table applies to all wiring except that which is
open, on insulators, and that for concealed knob and
tube work. The other table shows currents for a
single conductor in free air, and applies only to open
conductors on insulators and to concealed knob and
tube work.

Four to six conductors in a single cable or raceway
require that the maximum current-carrying capacity
be reduced to 80 per cent of that for not more than
three conductors.

Seven to nine conductors in ont cable or raceway
require that the maximum current-carrying capacity
be reduced to 70 per cent of that for not more than
three conductors.

Bare conductors used with insulated conductors
have a maximum current-carrying capacity limited to
that permitted for the insulated conductor with which
they are used.

Aluminum conductors have an allowable current-
carrying capacity equal to 84 per cent of the capacities
given for the sanie size copper wire with the same
kind of insulation.

For room temperatures of 40° C. (104° F.) and
higher. multiply the capacities in the table by the
correction factor for the existing temiperature or the
one next higher. These fractional factors always re-
duce the capacity.

Allowable current-carrying capacity of No. 18 is
§ amperes; except that in rubber jacketed cords, types
S, SO, SJ. SJO. and SV it is 7 amperes, aud in heater
cords types AFS, ~AFFS], HC, HPPD and HSJ it is
10 amperes. Allowable current-carrying capacity of
No. 16 is 7 amperes: except that in above mentioned
rubber jacketed cords it is 10 amperes, and in above
heater cords it is 15 amiperes. Allowable current-
carrying capacity of No. 20 is 3 amperes.

These tables and instructions are from the National
Electrical Code.
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CONDUCTORS AND WIRES

ALLOWABLE CURRENT-CARRYING CAPAC-
ITIES OF CONDUCTORS IN AMPERES
Not More Than Three Conductors in Raceway

or Cable
(Based on Room Temperature of 30° C. 8¢° F.)

l Paper
hetic Synthetio
%’y‘& 8N Type
Rubber | SNA  [Agbestos{ Impreg-
8ize | Rubber T{Po Asbeatos | Var-Cam| ‘hated |Asbestos-
AWG [TypeRW|TypeRU| RHT |yar-Cam T)‘r})e Asbestos| Type A
MCM | Type R TypeRH| Ty, AVA |Type Al
Rubber R Type
Do ————| AVL
R Var-Cam
‘Type RP Type V
14 15 18 22 23 28 29 32
12 20 23 27 28 36 38 42
1n 25 31 37 38 47 49 54
8 35 41 49 50 60 63 71
8 50 54 65 68 80 85 95
5 55 63 75 78 94 99 110
4 70 72 86 88 107 114 122
3 ]0 83 99 104 121 131 145
2 90 96 115 118 137 147 1
1 100 110 131 138 161 172 188
0 125 127 151 157 190 202 2
00 150 145 173 5% 217 230 249
000 175 166 199 243 265 284
0000 225 193 230 270 275 308 340
250 250 213 255 300 313 324 372
a0 275 238 285 330 347 380 415
350 300 260 311 380 392" 419 462
400 325 281 336 390 418 450 488
500 400 319 382 480 480 498 554
800 450 353 422 540 540 3 612
700 500 385 461 800 800 598 668
750 525 398 475 630 830 621 690
K00 550 410 490 860 860 641 720
900 60n 434 519 720 720 e --
1.000 850 455 543 780 780 730 811
1,250 493 589 900 900 aee o=
1,500 /50 522 625 1020 1020 | Keve
1,750 544 650 1140 1140 o 803
2,000 | 1050 558 666 1260 1260 -
1.100 890
1.200 730
1.300 770
1.400 |10
1.600 {90
1.700 930
1.800 970
1.900 1010
CORRECTION FACTOR FOR ROOM TEMPERATURES OVER 30°C.
C. F.
40 104 .71 .82 .88 .90 .94 .95 1)
45113 .50 .71 .82
50 122 .00 .58 .75 .80 .87 .89
55 131 .41 .67
60140 ... .00 .58 .67 .79 .83 .97
70 158 . .35 .52 .71 .78 .93
75 167 880 .00
80 176 b0o 5 . .30 .61 .69 .89
90 194 olsje etote e .50 61 .86
100 212 5 .51 .82
120 248 72
140 o .83

Emergency insulation Type EI has

carrying capacity as Synthetic Type
‘olumin of table.
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CONDUCTORS AND WIRES

ALLOWABLE CURRENT-CARRYING CAPAC-
ITIES OF CONDUCTORS IN AMPERES

Single Conductor in Free Air
(Based on Room Temperature ot_io° C. 86° F.)

Syn-
thetic
Type Slow-
SNA burning
— _ As- [Impreg- Type
8ize Rubber| As- | bestos | nated As- SB
AWG |Rubber/Rubber| Type | bestos | Var- As- bestog ([—————
or Tﬁpe Tyge RHT var- Cam | bestos | Type |Weath-
MCM R Type | Cam | Type | Type A er-
RH Type | AVA Al proof
AVB TypeW
Ty
Var- 8B
Cam
Type V
14 20 24 29 30 39 40 43 30
12 28 31 37 40 51 52 57 39
10 35 42 50 54 85 69 75 54
8 48 58 69 71 85 91 100 71
8 85 78 94 99 119 126 134 98
8 76 92 110 115 36 145 158 13
4 87 | 105 | 125 [ 133 58 | 169 | 180 0
3| 101 122 148 155 82 194 | 211 152
2 118 142 170 179 11 226 241 178
1| 136 164 196 211 247 264 280 203

250 280 338 403 427 95 528 562 410
300 310 373 446 480 55 592 632 460
350 350 421 504 529 12 853 698 508
4 380 457 547 575 65 710 755 554
500 430 620 660 65 814 870 629

1,500 | 815 | 980 | 174 | 1261 | i452 | (11 [ il | 1360
1750 | 890 | 1070 | 1282 | 18370 | ... | [l iii| Ll
2:000 | 960 | 1155 | 1383 | 1472 | i7i3 { (100 | D100 | 879
CORRECTION FACTOR FOR ROOM TEMPERATURES OVER 30° C.
C. F.

#0104 .71 | .82 | .88 | .90 | .94 | .05

45113 50 | 7 82 | ..

50122| 00 | .58 | .75 | 80 | 87 | .89

55 131 ... 1| 67 | L.

60 140 ... 00 | .58 | .67 | .79 | .83 | .97

70 158 .. 35 | 52 | 71 | 78 | le3

75167 ... 00 | oL,

80176 ... 30 | 61 | 69 | 89

90 194 50 | .61 | .88

100 212 51 | .82

120 248 72

140 .63

Emergency 'insulation Type EI has same current-
carrying capacity as Rubber Type RP, in third column
of table.
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CONDUCTORS AND WIRES
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Following

SIZES OF INSULATED WIRE,

tables give outside diameters and cross sectional areas

This information

d in computing required sizes of conduit or tub-

of various types of insulated wires.

1S use

d of openings through insulators, for one or
more conductors. Conductor diameters and sizes given

ing, an

he copper wire tables are for the metallic con-
ductor only, and bear no definite relation to the sizes

in t

of the wires when covered with various kinds of in-

sulation.
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DIMENSIONS OF CONDUCTORS

CONDUCTORS AND WIRES

Types R, RW, RP, and RH

Approx. | Approx. Approx. | Approx.
8lze iam. Area Size {am. Area
AWG-CM Inches | Sq. Ins CcM Inches | Sq. Ins.
18 .14 .0154 450,000 .08 .91
16 15 .018 500.000 12 .99
14 .20 .031 550,000 .17 1.08
12 .22 .038 600,000 .22 1.16
10 .24 .045
8 .30 .071 650,000 .25 1.23
700.000 .29 1.30
6 .41 .13 750,000 .33 1.38
4 .45 .16 800.000 .36 1.45
2 .52 .21 S
1 .59 .27 850,000 .39 1.52
000 .43 1.60
0 .63 =31 950.000 .46 1.68
00 .67 .35 1,000,000 .49 1.75
000 .72 .41
0000 .78 .48 1.250.000 68 2.22
1,500, .79 2.52
50, .86 .58 1,750,000 .90 2.85
300,000 .02 .87 2,000,000 .00 3.14
350.000 .98 .75
00, 1.03 .83

No. 18 to No. 8, solid conducter, No. 6 and larger. stranded.

Small Diameter Building Wires,
Types RHT and RPT

Approx.
Diam.
Inches

162
.179

Approx.
Araa
Sq Ins.

" 0208
[0252

Size
AWG

10
8

Approx.
Diam.
Inches

.200
.261

Note—Small diameter bullding wire, Type RPT, recognlzed in sizes
Noe. 14, 12 and 10. No. 14 to No. 8, solld conductors.

Synthetic Insulation, Type SN
Type RU Insulation

Slze ApProx. ADpprox. Size ApProx. Approx
AWG Diam. rea AWG Diam. Area
Inches Sq. Ins. Inches Sq. Ins.
14 130 0133 2 .423 _1405
12 .147 0170 1 .496 .1935
10 .168 0220 0 .537 .226
8 .227 .0405 00 .583 .267
6 314 L0775 000 .634 .316
4 .363 .1035 0000 .692 .376
NoTE: Tyis)e SN conductors recognized in sizes Nos. 14 to No.
0000; Type RU conductors recognized in sizes No. 14 to No. 10.

No. 14 to No. 8, solid conductors, No. 6 and larger, stranded.
Type SN conductors without an outer covering and Type RU
conductors with an outer covering have the same overall diam-

eters,
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Lead Covered—Types RL, RPL and RHL

CONDUCTORS AND WIRES
DIMENSIONS OF CONDUCTORS

[
4
Stngle Two Three 1
Size of Conductor Couductor Conductor
Conductor - ‘
AWG-CM Diam. | Area Dlam. Area | Diam. | Area
Inches (Sq. Ins. Inches Sq. Ins.! Inches |Sq. Ins. 1
14 28 .062 .28 x .47 .115 .59 .275- '
12 29 .066 31x .54 . 146 .62 .301 {
10 35 098 .35x .59 .180 .88 .363 4
8 41 .132 .41x .71 .255 .82 .528
6 49 .188 .49 x .86 .369 .97 .738 I
4 55 .237 .54x .96 .457 1.08 .918 {
2 .283 .61x1.08 .578 1.21 1.148
1 87 .352 .70 x 1.23 .758 1.38 1.49
0 .71 .396 .74x1.32 .859 1.47 1.70
00 .76 .4 .79 x 1.41 .980 1.57 | 1.94
000 81 .515 .84 x 1.52 1.123 1.690 | 2.24
0000 87 .593 .90 x 1.64 .302 1.85 | 2.68
250 .98 .754 2.02 | 3.20
300 1.04 .85 2.15 | 3.62
350 110 | ‘95 2.26 | 4.02 1
400 1.14 1.02 2.40 | 4.52
500 1.23 1.18 2.59 | 5.28
4
Note—No. 14 to No. 8, solid conductors; No. 6 ana mrger. stranded
conductora,
VARNISHED-CAMBRIC CONDUCTORS
Types AVA, AVB, and AVL 4
Type AVA Type AVB Type AVL
Blze Approx. | Approx. | Approx. | Approx. | Approx. | Approx.
AWG B am. Area lgﬂam. Ares Iggm Area
C.M. Inches Sq. In. Inches 8q. In. Inches 8q. In.
14 .245 .047 205 .033 .320 .080 1
12 .265 .055 225 .040 .340 .091 ‘
10 .285 o 245 .047 .300 102
8 310 .075 270 .0567 390 119 |
6 395 122 345 094 430 145 ;
4 445 .155 395 123 480 .181
2 5 .2 160 186 570 '255 i
1 5856 .268 540 229 620 .300 ‘
0 825 .307 .5680 2 860 341
00 870 .353 .825 307 705 3 d
000 720 .408 875 358 755 447
7 .478 735 425 815 .521
|
250,000 I .816 .855 .572 .955 .716 !
300,000 .940 .892 .210 .849 1.010 .800 1
350,000 .996 .778 .985 .731 1.060 -885
400, 1.040 850 1.010 .800 1.105 .960 1
450,000 1.085 .925 1.055 .872 1.150 1.040
500, 1.125 .995 1.095° .945 1.190 1.118 l
550,000 1.165 1.085 1.1356 1.01 1.285 1.26
600,000 1.205 1.140 1.175 1.09 1.305 1.34 l
650,000 1.240 1.21 1.210 1.156 1.340 1.41
700,000 1.275 1.28 1.245 1.22 1.3756 1.49
750,000 1.310 1.35 1.280 1.29 1.410 1.57
800, 1.345 1. 1.315 1.368 1.440 1.63
850,000 1.375 1.49 1.345 1.43 1.470 1.70 ‘
900, 1.405 1.556 1.376 1.49 1.505 1.78
950,000 1.435 1.62 1.405 1.55 1.535 1.85 |
1,000,000 1.465 1.69 1.435 1.62 1.5656 1.93
Notz: No. 14 to No. 8, solid, No. 6 and larger, stranded;

except AVL where all sizes are stranded.
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CONDUCTORS AND WIRES

MAGNET WIRE
Turns per Inch of Winding Length

Cotton Covered 8ilk Covered

Gauge | pramel -

s?v:r:f Covered | pouble | Singte | Enamel | Double | Single | Enamel

D.C. C|8. C. C.|S. C.E.|D. 8. C. {8 & C.|8. 8. E.

10 96 89 9.3 9.1 8.5 9.2 94
11 108 9.9 10.4 102 9.5 10.3 10.6
12 12.1 11.0 116 113 10.6 11.5 118
13 13.5 12.1 129 12.7 119 129 13.2
14 152 129 14.3 14.1 13.3 14.3 147
15 170 144 16.1 158 15.0 16.1 16.5
16 192 16.4 172 17.6 168 18.0 18.2
17 213 18.1 188 194 18.5 202 20.5
18 238 200 210 21.5 208 225 229
19 27.0 218 236 240 23.2 25.5 260
20 30.0 240 26.4 27.0 28.5 28.0 28.6
21 342 26.2 29.7 29.5 28.7 313 318
22 384 28.6 32.1 328 31.0 34.8 352
23 418 3.2 36.4 36.1 34.3 38.2 38.7
24 47.7 33.6 39.0 39.5 38.0 43.0 435
25 52.6 36.2 43.1 43.3 41.5 47.7 48.1
26 59.0 40.0 470 47.5 45.8 52.4 530
27 66.6 42.6 s1.2 520 50.0 58.0 58.8
28 770 45.5 56.5 §7.5 53.5 64.7 65.0
29 83.3 430 61.4 62.3 $8.5 713 714
30 91.0 510 67.6 67.2 66.5 80.2 80.5
31 100.0 56.8 72.3 725 71.7 87.9 88.0
32 116.5 60.0 79.0 79.0 76.2 95.0 94.3
33 129.8 64.4 85.0 85.4 83.0 105.1 106.0
34 1428 68.6 91.8 91.7 88.7 110.0 110.0
35 160.6 730 98.6 97.8 104.3 1309 1290
36 178.6 78.6 106.0 103.5 110.4 140.0 136.0
37 2000 84.0 1140 1110 115.0 150.0 143.0
38 2220 89.0 123.0 1180 120.0 160.5 154.0
39 2450 95.0 131.0 1300 131.0 182.0 175.0
40 2700 102.0 139.0 1390 140.0 200.0 Ll95.0

The above numbers of turns per inch of winding length for various types of
magnet wire are only approximate, since the exact diameters of such wires
will vary b. different 8.

The approximate number of turns per square inch of a solid layer winding
is equal to the square of the number of turns per inch of length given abave.
That is. the number of turns per inch s iplied by itself. E. le: In a
solid layer winding of No. 22 single cotton enamel wire (SCE) there ure 32.5
turns per running inch, and 32.5 x 32.6, or 1,056 turns per square inch of
winding cross section.
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CONDUCTOR AND RESISTOR MATERIALS

SPECIFIC RESISTANCE TEMPERATURE MELTING WEIGHT
Ohms per COEFFICIENT POINT
MATERIAL Circular OF RES. Lbs. per
mil-foot Square Per Degree Degrees Cubic
at 68° F, Root Fahrenheit Fahr. Inch
Aluminum 17.3 4.16 0.0019 1220 0.095
Brass 42.1 6.49 .0011 1680 310
Constantan 295 17.18 .00001 2355 349
Copper
annealed 10.4 3.22 .00218 1980 320
hard drawn 10.65 3.26 .00212 1980 .320
Iron, pure 61.1 7.82 0034 2865 .260
Lead 114.7 10.69 .0023 620 410
Lucerno 256 16.00 .0011 2480 320
Manganin 270 16.43 .00001 294
Monel 256 16.00 0011 2460 337
Nichrome IV 625 25.00 .00006 2535 .306
Nickel
pure 60 775 .0023 2650 320
Platinum 72 8.49 0021 3170 765
Silver 9.75 3.12 0021 1760 381
Steel
galvanized 66.7 8.17 0023 2460 280
Tungsten 342 18.49 0026 5450 092
Zinc 38 6.16 0021 785 260

SHIIM ANV SIO0LONANOD
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‘CONDUCTORS AND WIRES
RESISTANCE OF A CONDUCTOR at any tem-

perature may be found, approximately, when its re-
sistance is known for one teimperature.
When R = resistance in ohms at one temperature, as
. taken from a wire table.
X = resistance in ohms to be determined.
D = difference between temperature given in
table and desired temperature, degrees.
K = temperature coefficient of resistance for
material of which the conductor is
made.
NXN=Rx(l +DxK)

Note: Mutiply D and K together, add 1 to the
product. and multiply this sum by R. Temperature
coetficients of resistance are listed in an accompany-
ing table.

tixample: The resistance of 1.000 feet of No. 14
wire at 08° is shown by the copper wire table to be
2.504 ohms. \What is the resistance at 95°? Substitut-
ing values in the formula gives.

N o= 2504 x (1 4 27° x.00218)

27° x 00218 + .059 == 1.059

2.504 ohms x 1.059 = 2.052 ohms at 95°.

RESISTANCE OF A CONDUCTOR of any ma-
terial and of any cross sectional area in circular mils
may be calculated as follows:

total feet  ohms per
Resistance of conductor  circ. mil-foot
in ohms

cross section, circular mils

Resistances in ohms per circular mil-foot are given
in the table of Conductor ,and Resistor Materials.

Areas in circular mils for various gauge numbers
arc given in the copper wire tables.

The area in circular mils of any round conductor is
equal to the square of the diameter in inches, multi-
plied by 1,000.000.

Example: What is the resistance of 50 feet of No.
30 manganin wire?> From the table of conductor and
Resistor Materials we find that the speciftc resistance
is 270 ohms per circular mil-foot. From the copper
wire table the area of No. 30 wire is 100.5 circular
mils. Substituting these values in the formula gives,

Resistance _ 50 x 270 __
inohms ~— ~ 1005 IS Wb

This is the resistance at 68° F. For the resistance

at any other temperature we would use the formmula
that includes the temperature coefficient of resistance.
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CONDUCTORS AND WIRES

VOLTAGE DROP or loss of voltage in a conduc-
tor usually is limited to a certain number of volts
or else to a certain percentage of the supply voltage.
The drop in lighting circuits often is required to be
no more than 2%, and in motor or other power cir-
cuits no more than 5% of the supply voltage.

The following formulas are used when solving prob-
lems- involving voltage drops.

. Drop . 10.4 x amperes x total feet of wire
in volts circular mils, of wire used

Example: How mauny volts will be lost in a 2-wire
line of No. 14 copper wire 180 feet long when carry-
ing 15 amperes?

A 2-wire line 180 feet long has 2 x 180, or 360 feet
of wire. No. 14 has an area of 4,107 circular mils.
Placing these values in the formula gives,

Drop _10.4 x 15 x 360__
in volts —T— 13.7 volts

The per cent of supply line voltage lost in wiring
is found as follows:

Per cent _ ohms per 1,000 ft.x amperes x ft. wire
drop 08 x supply voltage

Example: Again consider the 2-wire line 180 feet
long (360 feet of wire) of No. 14 copper wire carrying
15 amperes, and assume a 220-volt supply. What is
the per cent voltage drop, based on the supply volt-
age? The copper wire table gives the resistance as
2.504 ohms per 1,000 feet. Placing the values in the
formula gives,

Per cent _ 2.504 x 15 x 360 __
drop — o0 xzmp — 021% drop.

The required size or conductor, in circutar mils, for
a given number of volts drop is found as follows:

Conductor _ 10.4 x amperes x total feet of wire
circ. mils = number of volts drop

Example: What size conductor must be used in a
2-wire line 85 feet long carrying 18 amperes if the
drop is not to exceed 6 volts? Placing these values in
the formula gives,

Conductor __10.4 x 18 %qz x 85) —- 5304

circ. mils —

The smallest conductor having at least 5304 circular
mils area, or greater, is No. 12,
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CONDUCTORS AND WIRES

The total feet of conductor in which the voltage
drop will not exceed a certain percentage of the supply
voltage is found as follows:

Wire _ 9.9 x per cent drop X supply voltage
feet amperes x ohms per 1,000 feet

Example: How many feet of wire may be used in a
circuit carrying 24 amperes with number 10 wire from
a 220-volt supply when the voltage drop is not to
exceed 5% of the supply voltage?

From the copper wire table we find that No. 10
wire has a resistance of 0.8441 ohm per 1,000 feet.
Using the values in the foimula gives,

Wire _ 99 x —
feet =25 ggaq o0 feet

A 2-wire circuit might have a length of one-half
538, or 269 fect.

The total feet of conductor in which the drop will
not exceed a certain number of volts is found thus:

Wire _ volts drop x circ. mils of conductor
feet 10.4 x amperes

Example: How many feet of wire may be used in a
circuit carrying 24 amperes with No. 10 wire when
the drop is not to exceed 6 volts?

From the copper wire table we find that No. 10
wire has an area of 10382 circular mils. Placing the
values in the formula gives,

Wire _ 6 x 10382
feet — 10.4 x 24 — 250 feet
A 2-wire circuit might have a length of one-half
247 feet, or about 123 feet maximum.

FOR THE SAME VOLTAGE DROP the current-
carrying capacities of two wires of equal diameters
but of different materials are inversely as the square
roots of their specific resistances at the same tempera-
ture. These square roots are given in the table of
Conductor and Resistor Materials.

1. Divide the square root of the specific resistance
for conductor A by the square root of the specific
resistance for conductor B.

2. Multiply the result by the current-carrying
capacity of conductor A.

3. The product is the current-carrying capacity of
conductor B.

Example: A No. 12 gauge copper wire is carrying
20 amperes. How many anmiperes may be carried by a
galvanized steel wire of the same diameter if the
voltage drop is not to increase?
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The table lists the square roots of the specific re-
sist:}nces as 3.22 for copper and 8.17 for galvanized
steel.

1. 3.22 = 8.17 = 0.394

2. 0.394x 20 = 7.88 amperes

Flexible Cords. The following numbered notes are
referred to by numbers in the “Type” column of the
tables which give descriptions of flexible cords. These
tables are from the National Electrical Code.

1. Except for types AFPO, AVPO, CFPO, PO-
64, PO-32, PO, POSJ-64 and POS]J-32 individual con-
ductors are twisted together.

2. Type PO-64 is for use only with portable lamps,
portable radio receiving appliances, portable clocks
and similar appliances which are not liable to be
moved frequently and where appearance is a consid-
eration.

3. Types AT, CT, ATJ and CT]J are suitable for
use in lengths not exceeding eight feet when attached
directly, or by means of a special type of plug, to a
portable appliance rated at 50 watts or less and of
such a nature that extreme flexibility of the cord is
essential. Types AT and AT]J are for use only with
heating appliances.

4. Type K is suitable for use on theatre stages.

5. Rubber-filled or varnished cambric tapes may be
substituted for the inner braids.

6. Type S is suitable for use on theatre stages, in
garages and elsewhere, where flexible cords having
rubber insulation are permntted by this code.

7. Type E may have a composite assembly of steel
and copper strands in the make-up of the conductors.
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Section 4
RESISTORS AND RESISTANCE

Resistance, The property of a substance which op-
poses flow of electricity through the substance. Flow
of current against the opposition of resistance causes
heating of the substance. Resistance increases direct
with the length and inversely with the cross sectional
area of a conductor. Resistance increases at a non-
uniform rate with rise of temperature in all pure me-
tals and in most alloys, but decreases in most liquids
and in carbon. Resistance is measured in ohms.

Conductance. A measure of the ease with which a
substance conducts electricity. Conductance is meas-
ured in ohms. Conductance in ohms is equal to the
reciprocal of the resistance in ohms, or to the number
1 divided by the number of ohms.

Ohm. The unit of electrical resistance. With a
potential difference of one volt across a resistance of
one ohm the current through the resistance is one am-
pere. One ohm is the resistance of 396 feet of number
14 copper wire at a temperature of 68° F,

Megohm. One million ohms of resistance.

Microhm, One one-millionth of an ohm of resist-
ance.

Resistor. A part which offers resistance to the flow
of electric current. Its electrical size is specified in
ohms or megohms. A resistor also has a power-hand-
ling rating in watts, indicating the amount of power
which can safely be dissipated as heat by the resistor.

Wire-wound Resistor. A resistor' which is con-
structed by winding a high-resistance wire on an in-
sulating form. The resulting element may or may not
be covered with a ceramic insulating layer.

Carbon Resistor. A resistor made of carbon par-
ticles and a ceramic binder molded into a cylindrical
shape, with leads attached to opposite ends.

Fixed Resistor. A resistor having a definite ohmic
value which cannot be adjusted.

Variable Resistor. A resistor which can be changed
in value while in use. .

Rheostat. A resistance unit which can be varied in
ohmic value so as to control the flow of current in the
circuit of which it is a part. .

Potentiometer. A resistance unit having a rotating
contact arm which can be set at any desired point on
the resistance element. The total available voltage is
applied to the fixed end terminals of the resistance
element, and the output circuit is connected between
the movable contact and one end terminal. Rotating
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the movable contact thus varies the proportion of the
total voltage which is transferred to the output circuit.

Voltage Divider. A resistor, at an intermediate
point or points on which are taps that permit taking
certain fractious of the overall voltage from hetween
the taps or between the taps and the ends of the re-
sistor. Instead of fixed taps there may he one or more
movable contacts that slide on the resistor or are con-
nected to it through switches.

Current Control. In electrical work the need is con-
stantly arising for adjusting a current to a specified
value. This is usually done by varying the resistance
of the circuit. Changes in the resistance of a circuit
can be made by means of resistors, which consist in
general of single resistance units, or groups of such
units. made of suitable material. These may be vari-
ahle or fixed in value. Variable resistors are frequently
called “resistahce boxes” or “rheostats,” depending on
their current-carrying capacity and range.

)

FiG.it

resistance ban

Connechen
raslance :l“

Rasitante Whre

(L1}
M} resstance ber

Fig. 4-1

A resistance box consists of a group of coils of wire
asscmbled compactly in a frame or box. It is so ar-
ranged that single coils or any desired combination
of such coils may be introduced into the circuit by
manipulating the switches or plugs. The extreme range
of such a device may be from a hundredth or a tenth
of an ohm up to 100,000 ohms. Each of its component
units is accurately standardized and marked with its
resistance value. By this means it is possible to know
precisely what resistance is introduced into the circuit
by the resistance box. The coils are wound with rel-
atively fine wire, and in such a way that they do not
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have any appreciable magnetic fields about them, They 1

are intended solely for carrying feeble currents, usu- :

ally no more than a fraction of an ampere.
Resistors of single fixed values are convenient for ‘

many purposes, If they are carefully made and pre- !

cisely measured, they are called standard resistance

coils. Such standards may be secured in range from

0.00001 ohm to 100,000 ohms and of any desired cur-

rent-carrying capacity and degree of precision. Re-

sistance boxes and precision resistors are designed ’

primarily for use in the laboratory. ]
The name “rheostat” is, in general, applied to a vari- i

able resistor having a fairly large current-carrying i

. IS
k \ AR LY X AR
W W

Tube Rhaostat

Fiald Rheostat

capacity. A simple form of rheostat consists of a layer t
of German silver or nickel-steel wire wound on an in-

sulating tube with a sliding contact traveling along

the tube so that the current may be made to nass

through any desired length of the wire. Such rheo-

stats are not usually made to handle large amounts of

power. lLarger rheostats are made of resistance units
connected between the points of a switch, as shown d
in Fig. 4-2, The units are made of resistance wire
embedded in vitreous ename! on a metal plate or
wound on a porcelain tube and then enameled. For
very large units the resistors are made in the form of
grids of cast iron, nickel steel, or similar metal, which
are exposed to the air for cooling. The grid type of
resistor is by far the most common in commercial use,
especially for railway and electric-crane control. For
extrentely large currents a convenient compact rheo-
stat is made by immersing metal plates to a variable
depth in a conducting liquid; such a liquid rheostat
can be easily cooled by using a metal container, or by
changing the liquid as it becomes heated.

Banks of incandescent electric lamps in various ar-
rangements are often used as resistors. The resist-
ance of such lamps is subject to large variations in
value with changes in temperature. However, when
operating under steady conditions, either hot or dold,
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RESISTORS AND RESISTANCE

they are satisfactory for many purposes. Such a rheo-
stat offers the advantage of being readily adjustable by
turning lamps off or on. It is compact and there is
no danger of overheating.

Another type of rheostat for handling large currents
consists of a pile of carbon blocks or plates which are
compressed by a screw or lever to reduce their elec-
trical resistance.

RESISTANCE OF RESISTOR ALLOYS
AND MATERIALS

The resistance of conductors whose dimensions are
known is easily calculated from either of two basic
values which are obtainable from tables of resistivi:
ties.

1. Resistance in ohms per circular mil-foot.
One circular mil is the area of a circle 1/1000 inch
in diameter. One circular mil-foot has an area of
one circular mil and a length of one foot.

To find the area in circular mils of a round con-
ductor multiply its diameter in inches by 1,000, then
square the result. For.example; a number 10 copper
wire has a diameter of (0.1019 inch. Multiplying this
diameter by 1,000 gives 101.9. Squaring 101.9 (101.9 x
101.9) gives 10,384, which is the area in circular mils,
If the diameter is given in mils, simply square the
nutmber of mils to find the area in circular mils.

To find the area in circular mils of a conductor
which is not round, first find its area in square inches.
Then multiply the number of square inches by 1,273,-
200. For example, a conductor with a section of ¥4 by
14 inch has an area of 4 square inch. Then 4 times
1,273,200 = 159,150 circular mils.

2. Resistance in ohms per cubic centimeter.
Multiply ohms per cubic centimeter by 6.015,300 to
find the equivalent ohms per circular mil-foot. If
the resistivity is given in microhms per cubic cen-
timeter, multiply by 6.0153 to find the equivalent
ohms per circular mil-foot.
Resistance in ohms of any conductor is equal to,
length of conductor resistance of conductor in
in feet ohms per circular mil-foot
area 1n circular mtls

RESISTANCE CHANGE DUE TO
TEMPERATURE CHANGE

The accompanying table, “Resistor Alloys and Ma-
terials”, lists resistances in ohms per circular mil-foot
for most of the commonly used materials, and lists
also temperature coefficients of resistance per degree
Fahrenheit.
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In the section on Conductors and Wires are given
instructions for using these temperature coefficients
in determining the resistance of a conductor at any
temperature when its resistance is known for some
onbe temperature, such as at 68° F. as given in the
table.

RESISTOR ALLOYS AND MATERIALS

Ohms per Cire. Temperature
MATERIJAL OR Mil-ft. at 68° F, Coefficient of
TRADE NAME or 20° C. Resistance,
Degree F.
Advance 292 0.00001
aluminum 17.02 0022
brass, common 49 001
high brass 41
low brass 35
Calido 660 00013
carbon 21000 —.00028
Chromel 540
Climax 525 .0005
Comet 575 .0006
Constantan 294 .000005
copper, annealed 10.4 000218
USS 10.55 .002
Eureka 294 00002
German silver, 18% 198 .00018
graphite 4800
Ideal 295 .000005
iron, pure 60 0031
cast 540
wrought 84
Karma 625 .00005
Lucerno 275 001
Manganin 345 00001
Monel 253 .001
nickel 52 0027
nickel silver, 30% 240 .0001
Nichrome II 660 00013
I1I 540 .0001
IV 625 .00006
Novar 296
phosphor bronze 47 0013
Rayo 540 .0001
steel, galvanized 67 0017
crucible - 115
hard 162 001
manganese 420 0005
Superior 517
Therlo 283 .000005
tungsten 33.2 .0025
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Resistance Changes Due to Current Flow. Current
flow through any conductor produces heat in that con-
ductor, and ordimarily produces a rise of temperature.
Thus, since current flow raises the temperature, and
a rise of temperature increases resistance, we may say
that current flow increases the resistance of a con-
ductor in which the flow takes place.

As an example of heating due to current flow as-
sume that we have a soft steel wire 1/100 inch in diam-
eter and of such length that its resistance is 400
ohms. If a current flow of one ampere is maintained
in this wire, and if all the heat produced is kept within
the wire, the temperature of the wire will go up at
the rate of 20 degrees every minute. If the wire did
not innmediately commence to lose heat to its sur-
roundings it would soon become red hot.

If the steel wire actually were to increase its tem-
perature at the rate of 20 degrees per minute, due to
the current flow of one ampere, the resistance of the
wire would increase at the rate of about 7 ohms per
minute. Instead of the original resistance of 400 ohms
we would have a resistance of 407 ohms at the end
of one minute, and at the end of ten minutes would
have 470 ohms of resistance.

Watts Dissipation of Resistors. When you specify
a resistor for use in an electrical circuit it is not
enough to give only the numiber of ohms required, but
you must specify also the “watts dissipation” or the
rating of the resistor in watts. The watts dissipation
is the number of watts of power that may he used up
in the resistor without causing its temperature to rise
so high as to endanger surrounding materials or the
resistor itself.

The watts rating of a resistor is the maximum num-
ber of watts of power that it will dissipate or use up
without causing a temperature rise of more than 250
degrees centigrade, which is equal to 450 degrees
Fahrenheit, when the resistor is surrounded by at
least one foot of free air space on all sides, and when
the starting temperature is 40° C. or 104° F.

You might find that a 1000-ohm resistor is to carry
a current flow of 300 milliamperes, which is a flow
of 0.3 amperes. Then,

'R will be 0.3 X 0.3 X 1000 — 90 watts.

In this resistor the actual power dissipation will be
90 watts. and to prevent overheating we might select
a unit rated at least at 100 watts. If the resistor were
to be used in a confined space where heat could not
be carried away readily by circulation of air around
the resistor, we should select a unit rated at 150 or
200 watts. When a resistor of higher wattage rating
is used, its operating temperature will not be excessive
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even though the heat cannot be carried away at a
rapid rate,

Duty Cycle. The tiine during which a resistor car-
ries current, in relation to the total time, is called the
duty cyvcle. It nmay he specified as so many seconds or
minutes during some longer time, such as 15 seconds
out of 75 seconds. The duty cycle may be specified
also as a percentage, such as 20 per cent, which means
that the resistor may carry current only during that
portion of the total time. Operation on a duty cycle
greater than that for which the resistor is rated will
quickly cause damaging overheating.

Rheostat and Potentiometer Ratings. Rheostats and
potentiometers are specified as to the number of ohms
of resistance and the number of watts which they will
dissipate without overheating. The wattage rating is
based on the use of the entire resistance, or the whole
length of winding. The maximum current which may
be carried is equal to the square root of the number
of watts divided by the number of ohms.

For example; assume a 20-watt 1000-chm unit.

Dividing 20 by 1000 gives 0.02

The square root of 0.02 is (.14

So the maximum current is 0.14 ampere, or 140 mil-’
liamiperes for this unit.

If necessary. a fixed resistor must be connected in
series with the rheostat or potentiometer to limit the
current to the maximum safe value.

Resistance Measured with a Voltmeter. In addi-
tion to the umt whose resistance is to be determined
it is necessary to have any other known resistance
to be used for comparison, also some source of cur-
rent which may bhe allowed to flow through the known
and the unknown resistance. The current must not be
so great as to overheat either resistance unit,

Connect the two resistance units in series to the
source of current, Measure the voltage from end to
end of each resistance unit. Then,

1. Divide the number of volts across the known
resistance unit by the nunber of ohms resistance in
this unit.

2. Divide the number of volts across the unknown
resistance by the valuc obtained in step 1. The result
of this division is the number of ohms resistance in
the unit.

Currents and Voltages in a Voltage Divider. Con-
sider a voltage divider with two counected loads as
shown in IFig, 4-3. The first step in analysis is to con-
sider the parallcl resistances A and D shown sepa-
rately at 1 in Fig. 4-4. The cquwalcnt resistance of
1000 ohms and 250 ohms in parallel is 200 ohms, so we
may represent reststors A and D as the 200-ohm re-
sistor A-D in diagram 2. The 200 ohms of A-D is in
series with voltage divider resistor B, whose resistance
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RESISTORS AND RESISTANCE

is 2800 ohms. Since the resistance of resistors in series
is equal to the sum of the separate resistances, we may
represent resistors A-D and B as a single 3000-ohm
resistance at A-D-B of diagram 3.

< >
2 1000 0 Stse
-
42 onus. Zoums.
1000
E Sonns,
240 s Nriagy
vOLTS o 2800 L0ap. sgcone
83 .
mom < oHwms L04O.
rten. 2>
‘.
;E 1280
€ S ouns.
‘D
>

Fig. 4-3. Resistance values assigned to sections of the volt-
age divider and to the loads.

Our 3000-ohm resistance A-D-B is in parallel with
the 1000 ohms of load resistor E, as shown by dia-
gram 1 in Fig. 4-5. The equivalent resistance of 3000
ohms and 1000 ohms in parallel is 750 ohms, as repre-
sented by thc equivalent resistance A-D-B-E of dia-
gram 2. The equivalent resistance of 750 ohms is in
serics with voltage divider resistor C of 1250 ohms, so
the two together have a total resistance of 2000 ohms,
as in diagram 3.

Now we have a potential difference of 240 volts
across a combination of resistances equivalent to 2000
ohms. The current flow will be found from the for-
mula I = E/R. Dividing 240 volts by 2000 ohms

L" D. A=D. A-B-D.
> >
< >
woo 3 0 > 200 3 so00
onus. S onms. 2 onws. S onus.
‘. >
< > <

2 2800
> Onug.

AAAAAA
VW
A

W

VWWA-~
VWWA-
AAAAAA
VWWWy

LAAAAA AAA——ANMAM )

..

Fig. 4-4. Equivalent values are found for parallel resistances,
and these equivalents are considered as being in series
with other resistances.
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gives 240/2000 ampere of current flow, which is equal
to 120/1000 or 0.120 ampere, and is the same as 120
milliamperes. When dealing with fractions of amperes
it is almost always is easier to use the milliampere
(171000 ampere) as our unit of current flow.

To determine how the total current flow of 120
milliamperes and the total potential difference of 240
volts divide in the resistances of the voltage divider
and loads we shall work backward through the dia-
grams. Diagram 1 of Fig. 4-6 corresponds to diagram
2 of Fig. 4-5. The total potential difference of 240
volts divides proportionately to the resistances, so in
equivalent resistance A-D-B-E we have 90 volts
potential difference and in resistor C have 150 volts.
The current flow must be the same, 120 milliamperes,
in these series resistances.

® Q

AAAAAAAA,
AAAAAAA

ouNS. <
S ouao

>

2000 :; AMPENL.

onus.S> 120
>

240 S miLLIANPERES.

3
VOLTS. 1

«NVWWY
AAAAA
V
~
-
o

Fig. 4-5. Continuing with equivalent resistances for units in
parallel, and determining total resistance for parts in series,
reduces the voltage divider to a single equivalent resistance
in which the rate of current flow is easily determined.

In diagram 2 of Fig. 4-6 we have separated the
resistances into the equivalent A-D-B of 3000 ohms,
and load resistor E of 1000 ohms. Potential difference
is the same across resistances in parallel, so here we
have a potential difference of 90 volts across the 3000
ohms of A-B-D, and have 90 volts across the 1000
ohms of E. To determine the rates of current low in
A-D-B and in E we may use Ohm’s law for current
flow, I == E/R, as follows:

In A-D-B I = 90/3000 == 30/1000 ampere,

30 milliamperes.
InE I = 90/1000 = 90/1000 ampere,
90 milliamperes.

Note that the ratio of resistances in A-D-B and E
is 3000 to 1000, or 3000/1000, or 3 to 1. Note that the
ratio of current flows in A-D-B and E is 30 to 90, or
3/9, or 1 to 3. Current flows in parallel resistances
are inversely proportional to the respective resistances,
meaning that inverting the ratio of resistances gives
the ratio of current flows, and vice versa.
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In diagram 1 of Fig. 4-7 (corresponding to 2 of
Fig. 4-4) we have separated resistances A-I) with 200
ohms and B with 2800 ohms. The total potential dif-
ference of 90 volts divides in proportion to the re-

4-B-0-E. lA-B-D 3
(>
730 3 0 voLts. 3000 2 90 voLvS. 1000 OWwus
onuS. :» 120 MILLIAMPERES. onMs 30 90 MILLIAMPERES.
< 2 wiLisurEnes s
b
240
voLTs.
e c
1230 2 130 vouTs. <
ONWS. S 120 MILLIAMPERES. 2
2 <

Fig. 4-6. Separating series-resistances, and dividing equiv-
alent resistances into their parallel parts, allows determining
current flows and potential differences across the parts.

@

A-D. A o

200 OwMS. 1000 OWus 250 OwmS,
¢ VOLTS, 4 VOLTS. ] 24 MILLIANPERNES.
MILLIAMPEALS.

20 VOLTS.

30
WILLIAMPLRES. 8
2800 OnMB.

04 VOLTS

Fig. 4-7. Current flow rates and potential differences finally
are determined for all the resistances of the voltage divider
and loads.

sistances, su we have a 6-volt drop across A-D and an
84-volt drop across B. The current flow of 30-milliam-
peres goes through both the series resistances.

In diagram 2 of Fig. 4-7 (corresponding to 1 of
Fig. 4-4) we have separated the parallel resistances
A and D. The total current flow of 30 milliamperes
divides inverscly as the resistances in ohms, so we
have 6 milliamperes in the 1000 ohms of resistance A,
and have 24 milliamperes in the 250 ohms of resistance
D. Note that the ratio of the resistances A and D is
1000/250 or 4/1, and that the ratio of the current flows
is 6/24 or 1/4. We simply invert the ratio of resist-
ances to find the ratio of current flows. The poten-
tial difference is, of course, the same across these two
resistances which are in parallel.

72



RESISTORS AND RESISTANCE

Now we have determined the current flows in mil-
liamperes and the potential differences in volts for
both loads and for every section of the voltage divider.
Whenever you work with circuits containing resist-
ances both in series and in parallel it is necessary first
to change the parallel resistances into equivalent
resistances, then to consider the equivalent resistances
as being in series with other parts of the circuit.

RESISTOR TROUBLES

Open circuit, resistor burned ocut. High ambient-

temperature, due to lack of air circulation, or to being
too close to other parts of the apparatus which pre-
vents heat radiation.

Resistor which should be used only part time (as
for starting) stays in circuit too long.

Wattage rating too low, or not suited to duty cvcle.

Shorts or grounds, insulation defective. Excessively
high voltage or current flow.

Long continued overheating, but not great enough
to cause burnout.

Moisture, dirt, oil or corrosive spray and fumes.

Mechanical damage due to carelessness.

Adjustable voltage dividers and rheostats., Same
troubles as for resistors, above, also:

Poor contact between slider and winding.

Defective connection from stationary terminal to
slider.

Dirty or corroded contacts at taps.

COLOR CODING OF RESISTORS

Small resistors and capacitors are often marked with
dots or bands of color to indicate their values as an
aid to both repair man and manufacturer. Com-
ponents too small to have the actual values printed
upon them are easily color-coded, and have the fur-
ther advantage that these bands of color can be seen
at all times without the probable necessity of turning
the units over or otherwise searching for the printed
value. The standards Conmmittee of RMA (Radio
Manufacturers' Association) has standardized a group
of colors with numerical equivalents as follows:

0= Black 5==Green
1= Brown 6= Blue
2==Red 7 = Violet
3= Orange 8 = Gray
4= Yellow 9= White

This color code is standard for all resistors and
capacitors, although there are scveral systems em-
ployed in its usc. In gencral, however, several dots
or bands of color are used to indicate the significant
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RESISTORS AND RESISTANCE

figures of the value, and a final color to indicate
where to place the decimal point. This *decimal mul-
tiplier” color indicates the number of zeros to he added
to the significant figures or, which amounts to the
same thing, the power of 10 that the significant fig-
ures must be multiplied by in order to properly place
the decimal point. Thus, three RED dots indicate the
number 2200, the first two dots contributing the 22
part, and the last dot, being the decimal multiplier,
indicating that two ZEROQOS are to be added (or mul-
tiply by 10 to the second power) to complete the
value. Likewise, the combination red-orange-green-
black indicates the number 235. In this case the black
decimal multiplier (black 0) means “add NO zeros,”
or multiply by 1 (10 to the zero power 1).

The original colors have since been supplemented
by gold and silver, and the significance of each color
has been extended to include tolerance values, capaci-
tor voltage ratings, and capacitor temperature coeffi-
cients, as shown in the accompanying table. These
additional features of the extended color code may
never be emploved, however, except in the single case
of resistors having five bands to indicate the value
to three significant figures in a specific manner which
will be shown. For all other applications, gold and
silver are mever used for any purpose other than to
indicate tolerance and, conversely, the tolerance must
never be indicated by any color other than gold or
silver. In the several accompanying illustrations, the
encircled numbers are employed to indicate the rela-
tive order and positions of the significant figure colors,
that is, 1 =first significant figure, 2=second, etc. The
location of the decimal multiplier color is indicated by
x, the tolerance color by %, and the voltage rating of
capacitors by v.

L X % v TC
ignifi-
Color cant |Decimal [Toler- Voltage | Tempera-
figure | multi- | ance rating, ture
plier % volts | coefficlent
- — + — 1 - +- -
RBlack 0 1 20 e Zero
Rrown 1 10 1 100 -30
Red 2 10 2 2, 200 ~——N0
Orange 3 103 3 ano —150
Yellow - 4 4 10 ¢ 4 400 220
Green 5 15 5 Son 330
RBlue o 1) 106 [ 0 —4§70
Violet 7 07 7 708 750
Gray 8 INS I ]00 e
White 9 100 9 900 Not
Rpecified
L = I . 4
Gold ~ 101 5 1,000
Rilver R———— 10-2 10 2.000 - -
No Color 1 . 20 500 1 ==
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There are in use two distinct systems for color-
coding the values of small fixed composition resistors
and, although the first, or "old system,” is now obso-
lete for all resistors except those having “‘radial” con-
necting leads (Fig. 4-8, A), many resistors having
this type of marking are still in use. The original
system consists of painting the entire resistor with a
solid body color to indicate the first significant figure
of the resistance value, which is always expressed in
ohms. At the end of the unit, and painted right over
the body color, is the end color which indicates the
second figure. Near the middle of the unit, also painted
on top of the body color, is the dot color which serves
as the decimal multiplier, and consists of a large dot
or a band of color. Resistors employing this system
of arranging the colors may sometimes be found with
a gold or silver “tolerance band” which may appear
at either the same or at the opposite end from the
“end” color., Inasmuch as there are no blank spaces
between adjacent colors, it is obviously unnecessary
to paint a red dot or end on a resistor already having
a red body color. A resistor that is entirely red with-
out any other markings, then, would have a resistance
of 2200 ohms, plus or minus 20%, because its “body,”
“end,” and “dot” colors are all red. Fig. 4-8 shows
typical examples of the “old” color code.

The new system is now standard for all fixed com-
position resistors except those few which have their
connecting wires attached radially instead of axially.
It is easier to read because the bands always extend
entirely around the unit, and the colors are taken in
a more logical sequence. The system also permits
values to be expressed to more than two significant
figures, it being standard to indicate all values to three
significant figures unless the tolerance is greater than
plus or minus 10%, when two figures are then con-
sidered satisfactory. Markings consist of several en-
circling bands of color having approximately the same
width, with spaces between them, and which are
simply read in the order that they appear on the re-
sistor, always conmmencing with the band which is
painted at the very end of the resistor. Three bands
are used to indicate the value to two significant fig-
ures, and the tolerance may be indicated, when de-
sired, by an additional band provided it is of either
gold or silver.

To indicate the value to three figures the new ex-
tended code is used, such units being readily identified
by the presence of five bands of color. The decimal
multiplier and tolerance colors may be of any color
listed in the table, but it must be remembered that the
resistor must have all five bands hefore the extended
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code may be employed. Note that the background
color of the resistor itself plays no part in the color
code. and is not to be confused with the "body color”
of the older system. The actual background color of
insulated resistors (regardless of whether they are of
the carbon, composition, or wire-wound type) is usu-
ally a light brown or tan, this being the natural color
of the bakelite insulating material. Fig. 4-9 illustrates
the new method of employing the color code:

The foregoing explanation of the R.M.A. color coding sys-

tems is taken from reference data of the Radio Matériel
School of the Naval Research Laboratory.

® ®0 @? @ ®
/ T —
A B c
Fig. 4-8
Q. _ OO
OYe¥e

Fig. 4-9
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Section 5
INSULATION AND INSULATORS

Insulation. Any material which has a sufficiently
high electrical resistance to permit its use for separat-
ing one electrical circuit, part or wire from others.
Cotton, silk, baked enamel, mica, porcelain, rubber
and bakelite are a few of the common insulating ma-
terials used in radio.

Insulator. A part made of insulation in a form suit-
able for supporting electrical conductors or for sep-
arating them electrically from other conductors.

Dielectric. Any insulating material, but usually one
having such exceedingly high electrical resistance as
to effectively prevent flow of any current through it.
A dielectric used hetween conductive plates in a con-
denser receives and retaimns the clectric charge of the
condenser. Air, mica, glass and paper are common
diclectrics.

Leakage., Undesirable low of current through or
over the surface of an insulating material. This term
1s also used to describe magnetic lux which wanders
off into space without doing useful work.

Leakage Resistance. The resistance of a path taken
by leakage currents. Thus, the leakage resistance of
a condenser is the normally high resistance which it
offers to the flow of the direct current.

Dielectric Strength. The number of volts required
to break down or puncture an insulating material, and
thus to permit flow of current through the material.

Breakdown Voltage. The voltage at which the in-
sulation between two conductors will break down and
become conductive.

Insulating Materials. There is no such thing as a
perfect insulator. The materials commonly used for
this purpose have volume resistivities ranging from
10,000 ohms to many billions of ohms between op-
posite faces of the unit cube. This means that 1 volt
impressed across such a unit cube by means of proper
metal terminals, would cause a current of from
to less than one billionth of an ampere to flow.

Most insulating substances show a decrease in vol-
ume resistivity with increase in temperature. These
changes are irregular and sometimes rapid. They are
not directly proportional to the changes in tempera-
ture. Humidity is of great influence, and tends to
lower the volume resistivity in such materials as slate,
marble, hard fiber, and materials of the phenolic type
such as bakelite. Very frequently surface leakage is
of greater importance than volume conduetion, and
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this surface lcakage is largely dependent upon the
conductivity of the moisture film upon the surface.
In any event, care must be taken to ensure that the
effects of surface leakage are either minimized or
allowed for.

In work involving high potential differences the
property of dielectric strength is of greater importance
than volume resistivity. If the potential difference
applied between opposite sides of a sheet of dielectric
material exceeds a certain critical value, the dielectric
will break down, as though under a mechanical stress,
and a spark will pass between the terminals. In case
the insulator is a liquid or a gas, its continuity is im-
mediately restored after the spark has passed. How-
ever, in a solid insulator the path of the spark dis-
charge is a permanent defect, and if enough energy
is being supplied from the source, a continuous current
will persist, which flows along the arc or bridge of
vapor formed by the first spark. "Dielectric strength”
is a property of the material which resists this ten-
dency to break down. It is measured in terms of
volts or kilovolts required to pierce a given thickness
of the material and is sometines called the "puncture
voltage.” It is a quantity that can not he specified or
measured very precisely, because the results vary with
(a) the character of the voltage, whether direct or
alternating, (b) the distance between the terminals,
(c) the time for which the voltage is applied, and (d)
the shape of the terminals. The presence of moisture
lowers the dielectric strength. Dry air is one of the
best of the insulating substances. but its dielectric
strength is lower than that of many liquids and solids.
The dielectric strength of different specimens of the
same insulating material is not directly proportional
to the thickness of the specimen.

The properties of most electrical insulating mate
rials are very different when subjected to high-fre-
quency voltage than when subjected to the low-fre-
quency voltage such as is used on house-lighting, or
when subjected to direct current. As an example, a
piece of insulating material of the phenolic type may
withstand 100,000 volts at a frequency of 60 cycles per
second, but may deteriorate and become conductive
very rapidly when subjected to a voltage of the order
of 20.000 volts or less at radio frequencies.

Insulator Characteristics. The principal properties
of an msulator are,

1. Dielectric strength. The number of volts required
to puncture or break down a specified thickness of
the insulator. Valiues given in volts per mul, or
in some other unit of thickness, have little mean-
ing unless there is mention of the actual thickuess
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tested. Dielectric strength per unit thickness varies
greatly with actual thickness.

2. Volume resistivity. Usually given as the ohms of
resistance between opposite faces of a cube which
measured one centimeter (0.3937 inch) on each
edge.

3. Surface resistivity. Usually given as the ohms of
reslstance hetween opposite edges of a piece which
is one centimeter square.

DIELECTRIC STRENGTHS IN VOLTS
Thickness in Inches
Material T
1/5 1/10 1/25 1/125 | 1/250
Fibre, hard 7,000
Mica, Bengal 70,000 22,000
Canada 50,000 15,000

Mycalex 68,000

Mineralac compound 3,300

0il
mineral-sperm 8,600 | 3,600
paraffin 16,000 4,300
transformer

mineral 30,000
synthetic 45,000

Paper
fish 800
fish, paraffined 3,600
kraft, varnished 7,600

Phenolic
laminated, XX 20,000
molded 60,000 -

Porcelain
wet process 56,000
steatitic 35,000

SPARKING VOLTAGES IN AIR

Length of Gap Volits Between Balls Volts Between

Inches 1 Inch in Diameter Needle Points
0.1 10,000 2,700
2 17,500 5,400
3 25,000 8,100
4 31,000 10,800
.5 36,500 13,500
6 42,000 16,200
ot 46,000 18.900
.8 49,500 21,600
9 52,600 24,300
1.0 55.000 27,000
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RESISTIVITIES
Billions of ohms per centimeter cube.

Volume Surface

Material Resistivity Resistivity
Bakelites 40 to 20,000,000 3 to 8,000,000
Beeswax, yellow 200,000 60,000
Fire, hard 20 5
Glass, plate 20,000 50 .
Rubber, hard 1,000,000,000 3,000,000
Marble, Italian 100 3
Mica, colorless 2,000,000 20,000

Bengal 50,000 10

molded 1,000,000 50,000
Porcelain, unglazed 300,000 600
Rosin 50,000,000 500,000
Sealing wax 8,000,000 2,000,000
Slate % 1/100
Sulphur 100,000,000 7,000,000
Wood, maple

paraffined 30 80

Insulation Resistance Tester.

This test unit was

developed in the Coyne shops for use by students and
graduates who wish to have a rehable and accurate
mieans for testing insulation resistance.

The unit consists of a 0 to 1 milliamimeter and a
power supply unit to furnish 500 volt pure DC, which
is the voltage specified by the American Institute of
Electrical Engineers for isulation resistance testing.
The power supply unit consists of a transformer, rec-
tifier and filter unit and ballast resistor as shown in
diagram below.

INSULATION RESISTANCE TESTER
IO, 30M.
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The transformer is a standard radio power pack
unit with a 110 volt primary and a 650 volt, 40 M. A.
center-tapped secondary for supplying the plates of a
full wave rectifier tube; and a 5 volt secondary for
the tube filament supply. By using an 800 ohm 25
watt adjustable resistor in the primary circuit this
transformer can be operated from 220 volt power cir-
cuits if desired. This resistor is not needed for 110
volt operation.

The rectifier tube is a type 83 full wave vacuum
tube rectifier. The combination of two 30 henry
chokes with two 1 mfd. condensers and one 2 mfd.
condenser as shown provide a filter to smooth out
the rectified D.C.

The 4 megohm resistor on the left provides a small
constant drain on the tube to maintain a 500 volt pure
D.C. output at the high voltage test terminals. The
Y% mggohm resistor in series with the meter provides
protection against short circuiting in case the test
leads should accidentally be touched together,

The fuse in the transformer primary circuit protects
the unit against excessive line voltages or possible
short circuits in the rectifier or filter condensers. The
fuse in series with the meter protects this instrument
in case of failure of the series or bleeder resistors, or
accidental connection of the test leads to a live power
line.

This test unit has a range of zero ohms to 50
megohms and the scale is so arranged that unusual
accuracy is obtainable in low ranges from 5 megohms
to zero. This permits testing of insulation resistance
belaw one megohm, or in the danger zone for ordinary
electric motors and machines,

This tester has been in practical use and operation
m our A.C. Power Machinery Departmment for some
tinte and has proven entirely satisfactory and reliable
for insulation resistance testing. We can highly rec-
ommend it to electrical maintenance men.

Insulation Resistance Test With Voltmeter. The
following instructions are adapted from service ma-
terial issued by the Westinghouse Electric and Mfg.
Co.

As shown by Fig. 5-2, a voltmeter is connected
throngh a double-pole, dovble-throw switch to a d-c
source of 500 to 600 volts. The resistance to be meas-
ured is connected as shown to the switch.

If a grounded circuit is used in making this measure-
ment, care must be taken to connect the grounded
side of the line or power supply to the frame of the
apparatus in which insulation resistance is to he meas-
ured, and to connect the voltmeter hetween the part
tested and the other side of the circuit.
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It is necessary to know the resistance in ohms of
the voltmeter, this usually being marked on the meter
or in its cover.

A voltage reading is taken while the insulation being
tested is in series with the voltmeter. Then the cal-
culation is made as follows:

From the line voltage or supply voltage subtract
the voltage reading with the insulation in series
with the voltmeter.

2. Multiply this difference by the number of ohms
resistance of the voltmeter.

3. Multiply by 1,000,000 the voltage reading with the
insulation in series with the meter.

4. Divide the product found in step 2 above by the
product found in step 3. The result of this division
is the insulation resistance in megohms.

For an example: assume a 500-volt d-c supply, a
meter reading of 50 volts, and a meter resistance of
500,000 ohms. The steps are,

1. 500 — 50 = 450

2. 450 x 500,000 = 225,000,000

3. 50 x 1,000,000 = 50,000,000

4. 225,000,000 = 50,000,000 = 4%, megohms.

With the connections made as in Fig, 5-2 the switch
would be thrown to the left to measure the supply
voltage, then to the right to get the voltage reading
with the insulation in series with the meter,

5\
2=

E

D.C.
SvuprLy.

(o]
I“ Switch. ? ? D >
|

VOLTMETER.

To Resistance
Y YTo Be Measureo.

Fig, 8-2
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Section 6

WIRING METHODS AND MATERIALS
RACEWAYS

Note: Following are many of the more important instruc-
tions and recommendations of the National Electrical Code
applying to raceway wiring.

Raceway. Any enclosure designed for and used only
for holding wires, cables or bus-bars; includes all
types of conduit, whether of metal or of insulating
material, and all similar wire channels.

Number of Conductors in Raceway. In general the
percentage of the total interior cross-sectional area
of a raceway to be occupied by conductors shall not
be more than will permit a ready installation or with-
drawal of the conductors and dissipation of the heat
generated without injury to the insulation of the
conductors.

Inserting Conductors in Raceways. Raceways, ex-
cept those used for exposed work and having a re-
movable cover or capping, shall first be installed as a
complete raceway system without the conductors.
Conductors shall not be inserted until all mechanical
work on the building which is liable to injure the
conductors has been completed, as far as possible.
Pull wires, if used, shall not be installed until the
raceway system is in place. Graphite, talc, or an
.approved compound may be used as a lubricant in
inserting conductors in raceways. Cleaning agents or
lubricants having a deleterious effect on conductor
coverings shall not be used.

Splices. Conductors shall be continuous from outlet
to outlet and, except as permitted for auxiliary gutters
and for wireways, there shall be no splice or tap
within the raceway itself.

Stranded Conductors. Except when used as bus-
bars, conductors of No. 6 and larger, installed in
raceways, shall be stranded.

Raceways Continuous. Raceways shall be contin-
uous from outlet to outlet -and from fitting to fitting.

Raceways Exposed to Different Temperatures. If
portions of an interior raceway system are exposed
to widely different temperatures, as in refrigerating
or cold-storage plants, provision shall be made to
prevent circulation of air from a warmer to a colder
section through the raceway.

Supporting Conductors in Raceways. Conductors in
vertical raceways shalt be supported at intervals not

greater than those specified in the following table:
No. 18 to No. 0. . not greater than 100 feet
No. 00 to No. 0000... not greater than 80 feet
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WIRING METHODS AND MATERIALS

250000 C. M. to 350,000 C. M...
350001 C. M. to 500,000 C. M not greater than 50 feet
500001 C. M. to 750,000 C. M .....not greater than 40 feet

Above 750,000 C. M........... not greater-than 35 feet

..not greater than 60 feet

The following methods of supporting cables are
recommended:

a. By clamping devices constructed of or employ-
ing insulating wedges inserted in the ends of the
conduits.

b. By inserting boxes at the required intervals |n
which insulating supports are installed and secured in
a satisfactory manner to withstand the weight of the
conductors attached thereto, the boxes being provided
with covers.

c. In junction boxes, by deflecting the cables not
less than 90 degrees and carrying them horizontally
to a distance not less than twice the diameter of the
cable, the cables being carried on two or more insulat-
ing supports, and additionally secured thereto by tie
wires if desired.

PROVISIONS APPLYING TO ALL WIRING IN
METAL ENCLOSURES

Alternating-Current Systems in Metal Enclosures.
Where run in metal raceway or cable arnior, or where
entering metal enclosures, the conductors of circuits
operating on alternating-current shall be so arranged
as to avoid overheating of the metal by induction.
If the capacity of a circuit is such that it is imprac-
ticable to run all conductors in one enclosure, addi-
tional enclosures may be used provided the conduc-
tors in any one enclosure are balanced in size and
include one from each phase.

Induced currents in an enclosure can be avoided by so
grouping the conductors in one enclosure that the current in
one direction will be substantially equal to the current in the
opposite direction.

In the case of circuits supplying vacuum or gas-tube lighting
systems or signs or X-ray apparatus, and under-plaster ex-
tensions permitted, the currents carried by the conductors are
so small that a single conductor may be placed in a metal
raceway or cable armor without causing trouble from induction.

Electrical Continuity of Raceways. Interior metal
raceways, cable armor, and other metal enclosures for
conductors, shall be metallically joined together into
a continuous electrical conductor, and shall be so con-
nected to all boxes, fittings and cabinets as to provide
effective electrical continuity.

The following list showing diameters and cross
sectional areas of insulated conductors gives data
which is useful when determining the size or number
of conductors which may be placed in an enclosure.
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DIMENSIONS OF RUBBER-COVERED
CONDUCTORS

Types R, RW, RP, and RH

Approx. | ADDrox, A X. | Approx.
Size lg&m Ares Sise 3&'&’. Area
AWG-CM Inches | Sa. Ins. CM Inches | 8q. Ins.
18 .14 .0154 450,000 1.08 .91
18 .15 .018 500,000 1.12 .99
14 .20 .031 550,000 1.17 1.08
13 .22 .038 600,000 1.22 1.1
10 .24 .045
8 .30 .071 650,000 1.25 1.23
700,000 1.29 1.30
] .41 .13 750,000 1.33 1.38
4 45 .16 800,000 1.38 1.45
2 .52 .21
1 .59 .27 350, 00( 1.39 1.52
1.43 1.60
0 .63 .31 1.46 1.68
00 .87 .35 1 1.49 1.76
ooamnu ;g ﬂ 1.250.000 168 2.22
1,500,000 1.79 2 52
250,000 .86 .58 1,750,000 1.90 2 85
000 .92 .67 2,000.000 2.00 3.14
250.000 .98 .75
400,000 1.03 83

No. 18 to No. 8, solid conductor, No. 6 and larger, stranded.

Small Diameter Building Wires,
Types RHT and RPT

Bise AlgProx. Approx. Bize Alg rox. | ApDrox.
AWG am. Area « AWG am. Area
Inches | 8q. Ins. Inches | 8q. Ins.

14 .162 .0206 10 .200 .0314
12 179 .0252 8 .261 .0535

Note—Bmall diameter buliding wire, Tdype RPT, recognised in sixes
Nos. 14, 12 and 10. No. 14 to No. 8, solid conduoctors.

RIGID METAL CONDUIT. Piping or hcavy
tubing of mild steel having pipe-thread ends and used
with similarly threaded fittings for the enclosure and
support of insulated wires in an clectrical system.

Use. Rigid metal conduit may be used under all
atmospheric conditions and occupancies, except that
steel or iron conduit and fittings protected from cor-
rosion solely by enamel may be used only indoors and
in occupancies not subject to severe corrosive influ-
ences. Conduits and fittings exposed to severe cor-
rosive influencés shall be of corrosion-resistant ma-
terial suitable for the conditions. If practicable, the
use of dissimilar metals throughout the system shall
he avoided to eliminate the possibility of galvanic
action.
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WIRING METHODS AND MATERIALS

Meat-pucking plants, tanneries, hide cellars, casing rooms,
glue houses. fertilizer rooms, salt storage, some chemical
works, metal refineries, pulp and paper mills, sugar mills,
round houses, some stables, and similar locations are judged
to be occupancies where severe corrosive conditions are
likely to be present.

Cinder Fill. Conduit, unless of corrosion-resistant
material suitable for the purpose, shall not be used in
or under cinder fill where subject to permanent mois-
ture unless protected on all sides by a layer of non-
cinder concrete at least 2 inches thick or unless the
conduit is at least 18 inches under the fill.

Wet Locations. In portions of dairies, laundries,
canneries, and other wet locations, and in locations
where walls are frequently washed, the entire conduit
system, including all boxes and fittings used there-
with, shall be made watertight.

Minimum Size. No conduit smaller than % inch,
electrical trade size, shall be used, except as provided
for under-plaster extensions and for enclosing the
leads of fractional-horsepower motors as permitted.

DIMENSIONS OF CONDUIT OR TUBING

Sus | Oiamior | Smare || Sus | Oiametor | Saser
sler (] e meter re

Inches Inches Inches Inches

ig .022 .80 3 3.068 7.38
824 .53 3% 8.548 9.90

1 1.049 .86 4 4.026 12.72
1 1.380 1.50 434 4.500 15.05
1 1.610 2.04 5 5.047 20.00
2.067 3.86 [} 6.065 28.89

36 2.460 4.79

DIMENSIONS OF CONDUIT

40% of 40% of

Conduit Area Area Conduit Area Area

308 122 3 7.34 2.93

516 206 3% 9.94 8.97

1 .848 .389 4 12.7 5.08

l% 1.49 596 4% 15.9 6.86

1 2.08 .812 13 19.9 7.96

3 3.32 1.328 [ 28.8 11.52
21 475 19

This table gives both the total area of the inside opening in
conduit, and 40% of the area of the different sizes, which
is the amount that can be occupied by the conductors.

Number of Conductors in Conduit or Tubing. The
following tables showing the number of conductors
permitted in conduit or tubing apply only to complete
conduit systems. They do not apply to short sections
of conduit used for the protection of exposed wiring
from mechanical injury.
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The frst table (1 to Y conductors) apples to Type
RHT small diameter building wire except for rewir-
ing in existing raceways.

Where a run of conduit or electrical metallic tubing does not
exceed 50 feet in length and does not contain more than the
equivalent of two quarter-bends from end to end: three No. 6
stranded conductors may be installed in a l-inch conduit or
tubing. For services only, three No. 8 insulated conduetors
may be installed in a 3% -inch conduit or tubing; two No. 6
insulated and one No. 6, bare conductors or two No. 4 in-
sulated and one No. 4 bare conductors may be installed in
1-inch conduit or tubing: and two No. 2, insulated and one
No. 2, bare conductors in 1% -inch conduit or tubing.

NUMBER OF CONDUCTORS IN CONDUIT
OR TUBING
One to Nine Conductors Rubber-Covered—
Types R, RW, RP, RH, and RHT—600 V.

Size of Number of Conductors in One Conduit or Tubing
Conductor | 3 | 2 | 3 | 4|5 |6 |7 ]|8]o9
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NUMBER OF CONDUCTORS IN CONDUIT

OR TUBING

Lead-Covered Types RL, RPL and RHL—600 V.

Number of Conductors in One Conduit or Tubing

Single Cond 2-Cond 3-Conductor
Size of Cable Cable Cabie
Conductor
t|2i3|af1|2]3}af1]|[2]3]4
1}
14| | % 4|1 K1 1 |1 1|13 1%
12 | 151 %4 411 {1 1M1 1|12
10 | | %1 1§ K ||| |52 |2
8 | M|l |11t j1y |12 (& |2 |2 |24
6 | 3 liglisglivsliniglisgfe 2% 124|253 |3
4 | g sgf1igte | 23524413 |3 |34
3 | 341181142 [1r4p2 (2313 13413 [3 |34
2 |1 |1y 1gl2 |1gte l2u5(3 1413 |344]4
1|t |igl2 |2 [13a]2w)3 |34)l2 |3M)4 |44
o f1 l2 |2 |22 |24(3 |3wml2 |« |u4]s
00 [1 f2 |2 |2v4i2 |3 |[3%414 |[24]|4 [4'5(5
000 {115|2 {234)2kll2 |3 |[3la(4 |234{4%4]|4's|6
0000 {115|214]|23513 (2143 [3%4|42:)3 |5 |6 |6
250,000 |1'{{2%(3 |3 3 |6 |6
300000 11513 |3 |34 356 |6
350,000 {1':13 |3 |[3% 346 |6
400,000 (11513 |3 |3k 3|6 |6
450,000 [135|3 |3 |4 4 |6 |6
500,000 11413 |334(4 4 |6
600,000 |2 |315|4 {4%
700,000 |2 |4 |4 |5
750,000 (8 [4 |4 |B .
800,000 |2 |4 [4415
900,000 | 21414, |44]5
1,000,000 | 234 (43514346
1,250,000 (3 |5 |5 |6
1,500000 |3 |5 |6 (8
1,750,000 |3 |6 |6
2,000,000 1314[6 |6 Soo [h=5c

The above sizes apply to str

aight runs or with nominal offsets

equivalent to not more than two quarter-bends.
It is recommended that-bends have a minimum radius of curv-
ature at the inner edge of the bend of not less than 10 times the

internal diameter of the conduit or tubing.
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NUMBER OF CONDUCTORS IN CONDUIT
OR TUBING

Small Diameter Building Wire, Types RHT and RPT,

600 Volts
One to Nine Conductors

For rewiring in existing raceways

Size of Number of Cond in One C or Tubing
C
1] 2 3 4 5 | 8 7 8 9

14 34 bel
AR
8 1 3% % % |- ’f 1 ’f 1%

Note.— RHT conductor ized in sizes No. 14 to No. 8;

Type RPT conductor recognized in sizes No. 14 to No. 10.

NUMBER OF CONDUCTORS IN CONDUIT
OR TUBING
Synthetic, Type SN and Type RU, 600 Volts
One to Nine Conductors
For rewiring in existing raceways

Bize of Number of Ci 8 in One Conduit or Tubing
¢ 1 2 3 4 5 [ 7 B ]
AR AR R AR § g4 §
8 2] E] ﬁ 33 "¢ ’f ’f
[ 34 % 1 1 14 1 1 1
SRR AR SRR IR AR AR AN
3 1 1 1% 1 14 134 1 2
SR ARARAEAR AL A S
0 1% 1 1 2 2 2 24 2%
& | BRI &Y
0000 13¢ 2 234 2 3 3

Note.—Type 8N conductors recognized in sizes No. 14 to No. 0000;
TypoRUoon uetors recognized in sizes No. 14 to No. 10.
cf'pe SN conductors without an outer covering and Type RU

ctors with an outer covering have the same overall diam-
ncr




WIRING METHODS AND MATERIALS

NUMBER OF CONDUCTORS IN CONDUIT

OR TUBING

More Than Nine Conductors

Rubber-Covered Types R, RW, RP, and RH—600 V.
*When Specifically Permitted by This Code

Size Maximum Number of Conductors in Conduit or Tubing

of
Con-
ductor.| Inch | Inch Inch Inch Inch Inch Inch
1 1% 14 2 2% 3
18 18 22 38 53 87 124 191
16 11 19 33 45 74 108 183
14 11 19 26 43 61 95
12 15 21 34 50 ke
10 12 16 27 38 60
8 18 22 31 49
6 14 23

*More than nine conductors are permitted in a single con-
duit for conductors between a motor and its controller; stage

pocket and border circuits,

sign flashers,

elevator control

conductors, signal and control circuits, in accordance with
special instructions in sections of the Code applying to such

o installations.

Combination of Conductors

For groups or combinations of conductors not in-
is recommended
that the conduit or tubing be of such size that the sum
of the cross-sectional areas of the individual conduc-
tors will not be more than the percentage of the in-
terior cross-sectional area of the conduit or tubing
than as shown in the accompanying table:

cluded in the preceding tables,

it

Per Cent Area of Conduit or Tubing

Number of Conductors

Over
1 2 3 4 4
*Conductors (not lead covered).| &3 31 43 40 40
Lead-covered conductors. ...... b5 30 40 38 35
For rewiring existing raceways
with thinnerinsulat
as provided In 3005-d and e....| 60 40 50 50 650

ELECTRICAL METALLIC TUBING. This is
thin-walled light-weight mectallic tubing having the
same internal diameters as rigid metal conduit but
smaller external djameters.

Use. Electrical metallic tubing may be used for both
exposed and concealed work. Electrical metallic tub-
ing shall not he used (1) where during installation or
afterwards, it will be subject to severe mechamecal in-

90



WIRING METHODS AND MATERIALS

jury; (2) in cinder concrete or fill unless protected on
all sides by a layer of non-cinder concrete at least
2 inches thick or unless the tubing is at least 18
inches under the fill; (3) in any hazardous locations;
(4) where exposed to corrosive vapor except as per-
mitted below.

Corrosive Fumes. If tubing is exposed to corrosive
fumes or vapors such as may exist in meat-packing
plants, tanneries, hide cellars, casing rooms, glue
houses, fertilizer rooms, salt storage, some chemical
works, metal refineries, pulp mills, sugar mills, round
houses, some stables, and similar locations, tubing and
fittings of corrosion-resistant material suitable for the
conditions shall be used. If practicable, the use of
dissimilar metals throughout the system shall be
avoided to eliminate the possibility of galvanic action.

Wet Locations. In portions of dairies, laundries,
canneries, and other wet locations, and in locations
where walls are frequently washed, the entire tubing
system, including all. boxes and fittings used there-
with, shall be made watertight.

Minimum and Maximum Sizes. No tubing smaller
than ¥ inch, electrical trade size, shall be used except
as provided for underplaster extensions and for en-
closing the leads of fractional horsepower motors as
permitted. The maxinmum size of tubing shall be the
2-inch electrical trade size.

Threads. Tubing shall not be coupled together nor
connected to boxes, fittings, or cabinets by means of
threads in the wall of the tubing, except by fittings
approved for the purpose. Threads shall not be of
standard pipe thread dimensions.

Couplings and Connectors. Threadless couplings
and connectors used with tubing shall be made up
tight, and shall be of the watertight type if buried
in masonry, concrete or fill or if installed in wet places.

Conductor Size. Tubing shall not be used to contain
conductors larger than No. 0.

Number of conductors in tubing is the same as for
similar trade sizes of rigid metal conduit.

FLEXIBLE METAL CONDUIT. Flexible me-
tallic tubing formed by an interlocking spiral winding
of galvanized steel. Wires are drawn jn.

Use. Flexible metal conduit shall not be used (1)
in wet locations, unless conductors are of the lead-
covered type or of other type specially approved for
the conditions; (2) in hoistways, except as specially
permitted; (3) in storage-battery rooms; (4) in any
hazardous location except as permitted for flexible
connection to motors; nor (5) where rubber-covered
conductors are exposed to oil, gasoline, or other ma-
terials having a deteriorating effect on rubber.

91



TR T e ey wmwe W T ey e e

T T TR TTRea—" Sy —ay—

WIRING METHODS AND MATERIALS

SURFACE METAL RACEWAY, Thin-walled flat
covering and support for insulated wires. For mount-
ing on the exposed surfaces of building members, and
usually having a removable cover.

Use. Surface metal raceway may be used in dry
locations. It shall not be used (1) where concealed,
except that the back and sides of multi-outlet as-
sembly may be surrounded by the building finish; and
metal raceways approved for the purpose may be used
for under-plaster extensions: (2) where subject to
severe mechanical injury unless approved for the pur-
pose; (3) where the voltage is 300 volts or more be-
tween conductors unless the metal has a thickness of
not less than .040 inches; (4) where subject to corro-
sive vapors; (5) in hoistways: (6) in stprage-battery
rooms; nor (7) in any hazardous location.

Size of Conductors. No conductor larger than No.
6 shall be installed in surface metal raceway.

Number of Conductors in Raceway. The number
of conductors installed in any raceway shall not be
greater than the number for which the raceway is
approved, and in no case shall more than 10 conduc-
tors be installed in a single raceway compartiment
except as permitted for signal and control systems.

Extension Through Walls and Floors. Except in
multi-outlet assemblies, raceways may be extended
through dry walls, dry partitions and dry floors, if in
unbroken lengths where passing through.

UNDERPLASTER EXTENSIONS. Flattened
mietal raceways, rigid or flexible, designed to be
placed in a groove cut into plaster or wall finish and
then plastered over.

Use. Underplaster extensions may he used only for
extensions of existing branch circuits, if laid on the
face of masonry or other material and buried in the
plaster finish of ceilings or walls, in buildings of fire-
resistive construction.

Materials. Such extensions shall be run in rigid or
flexible conduit. armored cable, electrical metallic tub-
ing or metal raceways approved for the purpose.
Standard sizes of conduit, cable, tubing and raceways
shall be used except that for single conductors only,
conduit or tubing having not less than 5/16 inch
inside diameter or single-conductor armored cable
may he used.

Limit of Run. No such extension shall extend be-
vond the floor on which it originates unless standard
sizes of rigid conduit, electrical metallic tubing or ar-
mored cable are employed.

UNDERFLOOR RACEWAYS. Completely

closed metal or fibre raceways embedded in the fill
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or in the fill and concrete of floors, or else of open-
bottom raceways laid on a smooth pad of concrete
within the floor or floor fill.

Use. Underfloor raceway may be used when installed
beneath the surface of concrete or other flooring ma-
terial.  Open-bottom type of raceways may be used
in concrete fill between the rough and the finished
Hoor only. Raceways laid flush with concrete floors
and covered with linoleum not less than % inch in
thickness or equivalent floor covering, may be used
only for signal and control systems., Underfloor race-
ways shall not be used (1) where subject to corrosive
vapors; (2) in any hazardous locations; (3) in com-
mercial garages; nor (4) in storage-battery rooms.

Covering. Raceways of half round sections or of
flat-top scection not over 4 inches in width shall have
at least 34 inch of concrete or wood above the race-
way, except in office occupancies metal flat-top race-
ways not over 2 inches in width may be laid Aush
with the concrete if covered with substantial linoleum
not less than 14 inch in thickness or equivalent floor
covering, Flat-top raceways over 4 inches in width
and flat-top raceways placed less than Y4 inch apart,
shall be covered with concrete to a depth of at least
1¥; inches.

Size of Conductors. No conductor larger than No. 4
shall be installed in underfloor raceways.

Number of Conductors in Raceway. The combined
cross-sectional arca of all conductors shall not exceed
40 per cent of the interior area of the raceway; except
that if the raceway contains only armored cable or
non-metallic sheathed cable, these requirements shall
not apply,

Splices and Taps. Splices or taps shall be made
only in junction boxes.

Discontinued Outlets. Conductors supplying a dis-
conncected outlet shall be removed from the raceway.

Open-Bottom Raceway—How Laid. Open-bottom
raceway shall be laid on a smooth pad of concrete
extending at least 1 inch on each side of the raceway
and at least 1 inch thick, except that this thickness
may be reduced to 4 inch where the raceway crosses
a run of conduit, and except that in licu of a concrete
pad. fittings which will protect the conductors from
contact with piping, structural steel and other ob-
structions niay be used. Raceways shall be mechan-
tcally sccured to the concrete pad.

Laid in Straight Lines. U'nderfloor raceways shall
be laid so that a straight line from the center of one
junction box to the center of the next junction box
will coincide with the center line of the raceway sys-
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WIRING METHODS AND MATERIALS

tem. Raceways shall be made mechanically secure to
prevent disturbing this alignment during construction.

Markers at Ends. At every end of line of raceway,
a fitting shall be installed extending through the floor
to mark the line of the duct. Where a duct line is
interrupted by another duct line, but continues in a
straight line bevond, and has junction boxes or outlets
on cither side of the crossing line, no markers are
necessary at the interrupting point.

Dead Ends. Dead ends of raceways shall he closed.

Low Points. Where practicable, raceways and their
fittings shall be so arranged as to avoid low points
that may form traps for water.

Junction Boxes. Junction hoxes shall be leveled to
the floor grade and sealed against the entrance of
water. Junction boxes used with metal raceways shall
be metal and shall be electrically continuous with the
raceways.

Inserts. luserts shall be leveled to the floor grade
and sealed against the entrance of water. Inserts used
with metal raceways shall he metal and shall be elec-
trically continuous with the raceway. Inserts set in
or on fiber racewavs hefore the floor is laid shall be
mechanically secured to the raceway. Inserts set in
fiber raceways after thre floor is laid shall be screwed
into the raceway. In cutting through the raceway
wall and setting inserts, chips and other dirt shall not
be allowed to fall into the raceway, and tools shall be
used which are so designed as to prevent the tool
from entering the raceway and injuring conductors
that may be in place,

Connections to Cabinets and Wall Outlets. Connec-
tions between raceways and distribution centers and
wall outlets shall be made by means of rigid or flexible
metal conduit or by means of fittings specially ap-
proved for the purpose.

CELLULAR METAL FLOOR RACEWAY.

Hollow spaces of cellular metal floors, together with
suitable fittings, which may be approved as enclosures
for electrical conductors; a “cell” is a single, enclosed
tubular space in a cellular metal floor member, the
axis of the cell being parallel to the axis of the metal
floor member; a “header” is a transversc raceway for
electrical conductors, providing access to predeter-
mined cells of a cellular metal floor, thereby permitting
the installation of clectrical conductors from a dis-
tribution center to the cells.

Use. Conductors shall not be installed in cellular
metal floor racewavs (1) where subject to corrosive
vapor; (2) in any hazardous location; (3) in theaters;
(4) in commercial garages, except for supplying ceil-
ing outlets or extensions to the area below the floor
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but not ahove; nor (5) in storage battery rooms. No
electric conductors shall be installed in any cell or
header which contains a pipe for steam, water, air,
gas, drainage, or other service than electrical.

Size of Conductors. No conductor larger than No. 0
shall be installed, except by special permission.

Splices and Taps. Splices and taps shall be made
only in header access units or junction hoxes.

Markers. A suitable number of markers shall he
installed extending through the floor for the future
locating of cells and for system identification.

Inserts. Inserts shall be levelled to the floor grade
and sealed against the entrance of water. Inserts shall
be of metal and shall be clectrically continuous with
the raceway. In cutting through the cell wall and
setting inserts, chips and other dirt shall not be al-
lowed to fall into the raceway, and tools shall he
used which arec designed to prevent the tool from

entering the cell and injuring the conductors.

Recommendations are in general the same as for underfloor
raceways with reference to number of conductors in raceway,
discontinued outlets, junction boxes, and connection to cab-
inets and extensions.

WIREWAYS. Wireways consist of sheet mctal
troughs which are installed as a complete raceway
system to receive the conductors.

Use. Wireways may be used only for exposed work
in dry locations in industrial occupaucies and garages.
Wireways shall not be used (1) where subject to
severe mechanical injury or corrosive vapor; (2) in
hoistways; (3) in any hazardous location; nor (4) in
storage-battery rooms,

Size of Conductors. No conductor larger than 500,-
000 c.m. shall be installed in any wireway.

Number of Conductors in Raceway. Wireways shall
not contain more than 30 conductors at any cross
section, unless the conductors are for signaling cir-
cuits or are control conductors hbetween a motor and
its starter and used only for starting duty. The sum
of the cross-sectional areas of all contained conductors
at any cross section of a wireway shall not exceed
20 per cent of the interior cross-sectional area of the
wireway.

Splices and Taps. Splices or taps, made and in-
sulated by approved methods, may be located within
the wireway if they are accessible by means of hinged
covers. The conductors, including splices and taps,
shall not fill the wireway to more than 75 per cent
of its area.

Supports. Wireways shall be securely supported at
intervals not exceeding 5 feet, unless specially ap-
proved for supports at greater intervals, but in no case
shall the distance between supports exceed 10 feet.
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Extension Through Walls. Wircways may extend
transversely through dry walls if in unbroken lengths
where passing through.

Dead-Ends. Dead-ends of wireways shall be closed.

Extensions From Wireways. Extensions from wire-
wayvs shall be made with rigid or flexible metal con-
duit, clectrical metallic tubing, surface metal raceway
or armored cable.

Busways. These consist of sheet metal troughs
within which are supported bar-shaped conductors or
busses on insulators.

Use. Busways may be used for exposed work in
any dry location. Busways shall not be used (1) where
subject to severe mechanical injury or corrosive va-
pors: (2) in hotstways: (3) in any hazardous location;
nor (4) 1 storage-battery rooms.

Busways may be used for service-entrance conductors.

Branches from Busways. Branches from busways
shall be made with busways or with rigid or flexible
metal conduit, electrical metallic tubing, surface metal
raceway, armored cable or, for portable appliances,
with suitable cord assemblies approved for hard usage.

Overcurrent Devices. Plug-in apparatus has over-
current protection in itself .or the conuection unless
busway branch circuit supplies protection. Branches
have their own overcurrent devices. (Overcurrent unit
for parts not readily accessible is guarded or enclosed
until disconnected from supply. Busway overcurrent
protection conforms to current capacity except, (1) if
not standard rating, next larger device may be used
if not over 150% of busway capacity, (2) may omit
protection at branch busways of reduced size if branch
rating at least '4 that of protection next back on line,
and busway not in contact with combustible material.

Recommendations are in general the same as for wireways

with reference to supports, extensions through walls, and
dead-ends.

CABLE ASSEMBLIES

To Be Continuous. Ali cable assemblies used for
intertor wiring shall be continuous from outlet to
outlet and from fitting to fitting, and shall be mechan-
ically securcd to boxes and fittings except as provided
for non-metaltlic outlet hoxes.

Securely Mounted. Cable assemblies shall be se-
curely fastened in place.

ARMORED CABLE. Contains two or more in-
dividually insulated conductors, wrapped together with
an insulating cover and enclosed within an interlock-
ing spirally wound galvanized steel cover to form a
flexible cable assembly. Type ACL lead-sheathed ar-
mored cable has a continuous lead tubing or sheath
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between the spiral steel outer cover and the conductors.

Use. Armored cable (types AC and ACV) may be
used for exposed or concealed work in dry locations;
for underplaster extensions as provided; and em-
bedded in plaster finish on brick or other masenrv,
except 1 damp or wet locations. Armored cable shall
contain lead-covered conductors (type ACL) if used
where exposed to the weather or to continuous mois-
ture, for underground runs and cmbedded in masonry,
concrete or fll in buildings in course of construction,
and where exposed to oil, gasoline or other materials
having a deteriorating effect on rubber. Armored
cable shall not be used (1) in theaters; (2) in motion-
picture studios; (3) in any hazardous locations; (4)
where exposed to corrosive fumes or vapors; (5) in
storage-battery rooms: (6) on cranes or hoists, ex-
cept as provided; nor (7) in hoistways or on elevators,
except as provided.

Supports. Armored cable shall be secured by ap-
proved staples, straps, or similar fittings, so designed
and installed as not to injure the cable. Cable shall
be secured at intervals not exceeding 4% feet and
within 12 inches from every outlet box or fitting, ex-
cept where cable is fished and except lengths of not
over 24 inches at terminals where flexibility is neces-
sarv.

Exposed Work. Exposed runs of cable shall closely
follow the surface of the building finish or of running
boards, except:

a. Lengths of not more than 24 inches at terminals
where flexibility is necessary.

b. In accessible attics and roof spaces, for which
see the following paragraph.

c. On the underside of floor joists in basements
where supported at each joist and so located as not
to be subject to mechanical injury.

In Accessible Attics. Cable in accessible attics or
roof spaces shall be installed as follows:

a. If run across the top of floor joists, or within
7 feet of floor or floor joist across the face of rafters
or studding, the cable shall be protected by substan-
tial guard strips which are at least as high as the
cable. If the attic is not accessible by permanent stairs
or ladders, protection will only be required within 6
feet of the nearest edge of scuttle hole or attic en-
trance.

b. If carried along the sides of rafters, studs or
floor joists, neither guard strips, nor running boards
shall be required.

Protection at Cable Ends. At all points where the
armor terminates, a fitting shall be provided to pro-
tect wires from abrasion, unless the design of the
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outlet boxes or fittings is such as to afford equiv-
alent protection, and in addition, an approved insulat-
ing bushing or its cquivalent approved protection
shall be provided between the conductors and the
armor. The connector or clamp by which the armored
cable is fastened to boxes or cabincts shall be of such
design that the insulating bushing or its cquivalent
will be visible for inspection. This bushing will not be
required with lead-covered cables which shall be so
installed that the lead sheath will be visible for in-
spectian.

Bends. All bends shall be so made that the armor
of the cable will not be injured, and the radius of the
curve of the inner edge of any bend shall be not less
than 5 times the diameter of the cable.

NON-METALLIC SHEATHED CABLE. Con-
sists of two or three individvally insulated conductors,
and sometimes of an additional uninsulated grounding
conductor, with the assembly enclosed and protected
by heavy cotton braid.

Use. Non-metallic sheathed cable may be used for
both exposed and concealed work. Non-metallic
sheathed cable shall not be embedded in masonry, con-
crete, fill, or plaster. It shall not e installed (1) in
commercial garages, (2) in theaters, (3) in motion-
picture studios, (4) in storage-battery rooms, (5) in
hoistways, (6) in any hazardous location: nor (7) in
breweries, ice plants, cold storage warehouses, and
similar wet locations where subject to mildly corro-
sive fumes and vapors, but not including dairy barns,
chicken housés and similar locations.

Exposed Work—General. In exposed work, with
some exceptions, the cable shall be installed as follows:

a. The cable shall closely follow the surface of
the building finish or of running boards,

b. It shall be protected from mechanical injury
where necessary, by conduit. pipe, guard strips or other
means. [f passing through a floor the cable shall be
enclosed in rigid conduit or pipe extending at least
6 inches above the floor.

In Unfinished Basements. If the cable is run at
angles with joists in unfinished basements, assemblies
not smaller than two No. 6 or three No. 8 conductors
may be secured directly to the lower edges of the
joists; smaller assemblies shall either be run through
bored holes in the joists or on running boards. Where
run parallel to joists, cable of any size shall be se-
cured to the sides or face of the joists.

» Devices of Insulating Material. Switch, outlet and
tap devices of insulating material may be used without
boxes in exposed cable wiring. Openings in such
devices shall form a close fit around the outer covering
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of the cable and the device shall fully enclose that
part of the cable from which any part of the covering
has been removed. If connections to conductors are
by binding-screw terminals, there shall be available
as many screws as conductors, unless cables are
clamped within the structure, or unless terminals are
of a type approved for the purpose.

Boxes of Insulating Material. Non-metallic outlet
boxes approved for the purpose may be used as
provided by usual rules applying to such switches.

Thermal Insulation. If thermal insulation is used
in the hollow spaces of walls and ceilings in which
non-metallic sheathed cable is installed, only ap-
proved non-corrosive, non-combustible, non-conduct-
ing materials shall be used, and these shall be applied
in a manner not liable to place a strain upon the
cable, its supports, or terminal connections.

Recommendations are in general the same as for armored

cable with reference to supports, bends, and use in accessible
attics.

SERVICE ENTRANCE CABLE. Two or more
individually insulated conductors wrapped together
with kraft paper. An uninsulated grounding conductor
may be formed by wire strands spiralled around the
outside of the paper. Some types have additional steel
armor. The whole assembly is enclosed within one
or more layers of impregnated cotton braid.

Use. Approved service-entrance cable (Types SE
and ASE) may be used in interior wiring systems if
all the conductors of the cable are of the rubber-cov-
ered type; but if without individual insulation on the
grounded conductor may be used only for range and
domestic water-heater circuits, or as feeders from a
master service cabinet to supply other buildings, or as
serviee conductors for such other buildings, if the fol-
lowing conditions are met.

a. he cable has a final non-metallic outer covering.

b. The supply is alternating current not exceeding
150 volts to ground.

Metal-armored types of service entrance cable are
handled in general like armored cable with reference
to bends, exposed work, supports, and use in acces-
sible attics. Other types of service entrance cable are
handled in general like non-metallic sheathed cable.

NON-METALLIC SURFACE EXTENSIONS.
Two individually insulated conductors mounted on
fabric or other flexible support, or of two conductors
in a single insulating flexible support, or of some
equivalent arrangement designed for easy attichment
to walls or other exposed building surfaces.

Use. Non-metallic surface extensions may be used
only if all of the following conditions are met:
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a. The extensions are from existing outlets on
branch circuits.

b. The extensions are run exposed in dry locations.

c. The building is occupied for residential or office
PUTPOSCS.

d. The extensions are not in unfinished basements,
attics, or roof spaces.

e. The voltage does not exceed 150 volts between
conductors.

f. “The extensions are not subject to corrosive
vapors.

Outlets Per Circuit. The total number of outlets
supplied by one branch circuit, including those pre-
viously installed and those of the extension, shall be
in conformity with the requirements for standard
branch circuits.

Not to Run Outside Room. An extension shall not
he run through a floor or partition, nor outside the
room in which it originates.

Location in Room. One or more extensions may
be run in any direction from an existing outlet, but
not on the floor or within 2 inches from the floor.
An extension shall be attached only to woodwork or
plaster finish, and shall not be in contact with any
metal work or other conductive material except the
metal plates on receptacles.

Supports. Non-metallic surface extensions shall he
secured in place by approved means at intervals not
exceeding 8 inches, except that where connection to
the supplying outlet is made by means of an attach-
ment plug the first fastening may be placed 12 inches
or less from the plug. There shall be at least one
fastening between cach two adjacent outlets supplied.

Splices and Taps. lixtensions shall consist of a
continuous unbhroken length of the assembly, without
sphices, and without exposed conductors betweén fit-
tings. Taps may be made if fittings completely cover-
ing the tap connections are used.

Bends. A bend in an assembly which reduces the
normal spacing between the conductors shall be cov-
cred with a cap to protect the assembly from mechan-
ical injury.

Fittings. Each run of an assembly shall terminate
in a fitting which covers the end of the assembly. All
fittings and devices shall be of a type approved for
the purpose.

NON-METALLIC WATERPROOF WIRING.
Consists of multiple-conductor rubber sheathed cable
approved for the purpose. Individual conductors are
not smaller than number 12, except that for equip-
ment grounding purposes only, the cable may contain
some other approved size of conductor with or with-
out individual insulation.

100



WIRING METHODS AND MATERIALS

WIRING SYMBOLS
ELECTRICAL EQUIPMENT OF BUILDINGS

Ceibng Outlet -Q—

Automatic Door Switch

Cetiing Fan Outlet

Key Push Button Switch

Heating and Power as Described
m Specifcation

=D
FloorOutlet -@— Electrolier Swich
Drop Cord @ Push Button Switchand Pilt
R _G_E ::.'::: Comtrol Push
Wall Fan Outlet R—E Motor
Simqle Convenience Outlet @:E Motor Cont roller
Double Convenience Outlet @% nghlms Panel

2
Junction Box - @ Powe v Panel
Special Purpose Outiet-Lighting,
Healing and Power a3 Described in @ Heatimg Panet
Specification
Special Purpose Outlet-Lighting,
8 | rusa

Specwal Purpose Outlet-Light-
img, Heating and Power as
Described 1n Specification

Cable Supporting Box

Qm§§ﬂ§l@©@%%c@w

Exit tight ®‘E Meter
Pull Switch -‘ Transformer
PS
'
Loca! Switch- Simgle Pole S
2 -
Local Switch- Double Pole S Lecal Switch-4 le S

U)l

Local s...uh-:w.]

This Character Marked onTap
Circwits Indicates 2No 14
Conductors in¥2-n.Conduit
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WIRING SYMBOLS
ELECTRICAL EQUIPMENT OF BUILDINGS

Branch Circult, Run concealted L

under Floor Above LocalFive Alarm G°"3

Branch Circuit, Run Exposed  ———— Local Fire Alarm Station E

Branch Girewt, Run concealed

o Fire Alarm Central Station @-E

Feeder, Run concealed — S

urder Flaor Above Spnkmﬁ Tube "E

3N 14 Conductors in Y2 in. I II -

Conduit Nurses Sngul Plu’ E

Feeder Run Exposed e Mads Plu’ E

feeder. Run concealed ——

under Fioor Horn Outlet

Pole-Line 0 O Clock (S«ond.r’ @

Push Button @ Electrc Door Opener m
[/ \l

Annuncutor <> E Watchman Station 0
AN

Interwor Td"’h"m H 4 No 14 Conductors m¥a in, " II

Conduit Unless Marked Yz 1.
Public Telephone K

Use. Subject to the approval of the authority en-
forcing this code, non-metallic waterproof wiring may
be used for exposed work in brewecries, ice plants,
cold storage warehouses or similar vwet locations
where subject to mildly corrosive fumes and vapors,
if the voltage does not exceed 300 volts between con-
ductors or 150 volts to ground.

Supports. The cable shall be supported on insulators
approved for the purpose and spaced at intervals not
exceeding 3 feet.

Attachment to Fittings. The cable shall be securely
fastened to all outlet boxes, fittings and cabinets. A
moisture-proof seal shall be provided between the
cable and all outlet boxes, fittings and cabinets.

Passing Through Walls. The cable shall be enclosed
in rigid conduit, electrical metallic tubing, or ap-
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WIRING SYMBOLS
INDUSTRIAL TYPES

Industry Standard of National Machine Tool
Builders’ Association,

CONOUCTORS AND TERMINALS
[ = a4

TAOL] Rowed Fomou KON TAL TR AaL [CONTIOL 1
e d Amaey |wiws OV, e STVO L ennialons 3 Laaid
!
-4 ’
— n Lr_{ o | &8 8
j t——e.,
6o ot ey g 2 s 1] . [

MISCELLANEOUS
| o/ comwmacr | rasr |rearam 8scL |esrew jaarreav AuSE |(@even | riovam
Davs (miw |sAcK lswwar [av0 301 | oo rom
oR covmine) e

Vel

3 lesie| LB |4 -0

RES/STORS AND CAPACITONS —W‘
s CARAC/TO® | oY O B

009, |

E— CO/L'MW”
O\ [ [ e e e S
rove mweue| CURTENT mmm .
2 R b [ R

ANIFE SWITCHES AND CIRCUIT BREAKERS
MANUAL |THERreAsL TRIP |acm Ciacurr | VL CracuiT

" ¢ -
S e o 0
s o Mol

Sinoilt mosk Syvoie Mok |unsie. rumon
oMo S © 0 o
9*% — e ©° e
ote — 0o 08

rvsry mess | muirs poLE | rors rose (POUBLE TumOn,

CONTROL DEVICES

YN svrrens SELECrON SwWITCN
MO |ME.| mO ME Xl SIUGAE CImCHT er ~ o “’IM‘“ mmear
L] e Ala] <
*Alnfhﬂuanah aln.a:i:l{'qgﬁw',um.l.\
°0 cee o wa~vo|o |x
ATBCLY S/ TEM | LISVIT SWITENES pe—r g e \FLOAr SW/IrEAR ~ugEInNe
e | NE T P T BT Lt id

B k75 i i P A P KA K BT
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WIRING SYMBOLS
INDUSTRIAL TYPES

CONTACTORS
Arain CIRCUT CENTACTS Cowrmor CimTuT TN AEIAY CONTACTS
W ITANTANROUS CrEmmriow | ACTICN WETARDED WA EN CON

Wirn Biowour | wiewour awomavr | [ ewamdrasn | of eese
~o Iw e [w~c ~o I~ec o [~o
- Z_“‘_l e O_Ib T .br nTE

OVEmLOAD RELAY CONTACTS MECNANEAL CONMVETTIONS
Tmammal aEnaric [covmacrm ov sind] — muicmiy INFaRLOCN
~e Dasn AoT

reie) | IMITANT reie
Noe |mc ~mo [ w~c

Ml T *

ALFERNATING AND OIRECT CURRENT r1070R7S AND CENEFATORS

+
T

ALTERNATING CURRENT A107rORS

SOV AMEL CASE | WOuvD £Orem |srcvmonous sorom|
INOUETION meros |ivouerion sered] oe Genewarar
o® samvamaroms

o= |=6| &

L

OIRECT CURRENT MOTORS

PARTS OF O € maCHINES oc morom om
=N | $aNEmarom wirn D€ SmuNT svorow Sawars morem

ASCAIA:- [COMIIUTPAT-(SECES (SWUNY | 3 emirs suywranD | 0@ samamarom |om sevamaros
TUME LNe SO | FINO |FIMG | compmrurarim womsms

proved insulating tubing, where passing through walls,
and where so enclosed, the enclosure shall be scaled
with a suitable fitting.

Protection, Where exposed to mechanical injury
the cable shall be protected.

Boxes and Fittings. DBoxes and fittings shall con-
form to the following:

a. Outlet boxes, fittings and cabinets shall be con-
structed of cast metal, insulating material or other
material approved for the purpose.

b. Switch plates, fixtures, and similar parts shall
be of insulating material when mounted on boxes, fit-
tings, and cabinets of insulating material,

Grounding. Metal boxes, fittings, or cabinets if used
shall Dbe grounded in accordance with rules for
grounding.
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WIRE SPLICING

The first very important step in making any splice
is to properly strip and prepare the ends of the wire.
Stripping means removing the insulation from the
wire a proper distance back for the splice to be made.
This may range from 1% inches to 3 or 4 inches for
various splices.

The rubber and braid should be removed with a
knife, as shown in the upper view in Fig. 6-1. The
knife and wire should be held in a position similar
to that used when sharpening a pencil, and the braid
and rubber cut through at an angle as shown. Be
very careful not to cut or nick the wire, as it reduces
the conducting area, and makes it very easy to break
at that point.

===
e = —

Fig. 6-1. This sketch shows the proper method of stripping
the insulation from a wire in the upper view. The lower
view shows the wrong way.

C

Fig. 6-2. This diagram shows very clearly the several steps
in making a "Pigtail” splice.
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Fig. 6-3. The above four sketches show the steps and pro-
cedure in making a “Western Union” splice.

Fig. 6-4. Simple “Tap” splice used for tapping a “branch” wire
to “main” or “running” wires.

106



WIRING METHODS AND MATERIALS

Fig. 8.5. “Knotted Tap” splice. Note carefully the manner
in which the wire is first looped around the branch con-
ductor to lock it securely in place.

C

pe—— (D) Fv——"

D

Fig. 6-6. The above views show the method of making a
“Fixture” splice, which is used for connecting together two
wires of different sizes.
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WIRE SPLICING

Fig. 6-8. A very convenient splice
ductors. By wrapping them in this manner with the smaller
wire we don’t have to bend or twist the stiff heavy wires.
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WIRE SPLICING

":‘.f.“w{.
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IS
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AW SRSV,

Fig. 6 9. Method of making a “tap” splice with stranded
cables. Note how the wires of the ‘“tap” cable are divided
and each group wrapped in opposite directions around the
“running” cable.

SOLDERING SPLICES

All splices made in permanent wiring should be
carefully soldered, to preserve the quality and con-
ductivity of the splice.

We have already mentioned that altho soldering
does improve the strength and conductivity of a splice
to some extent, the main reason for soldering is to
prevent corrosion or oxidization from spoiling the
good contact of the wires. :

\
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WIRE SPLICING

Fig. 6-10. When making splices in pairs of conductors they
should be staggered as shown above so each splice will be
near to good insulation on the other wire.

WIRE CONNECTORS
SOLDERLESS PRESSURE TYPES

CC-B  Butt type two-way cable connector. Fig. 6-11
CC-L. Elbow type two-way cable connector. Fig. 6-12
CC-T Tee type three-way cable connector. Fig. 6-13
CT-T Tee type cable tap. Fig. 6-14
CT-P Parallel gutter type cable tap. Fig. 6-15.
CL-1 One hole cable lug. Fig. 6-16
CL-2 Two hole cable lug. Fig. 6-17

The above types accommodate wires from number
14 up to 2,000,000 circular mil sizes.
WC-N Nut type wire connector. In styles for fix-
tures and for universal use. Wires numbers 18 to 12,
Fig. 6-18.

—L/_CAB‘LEA— CONDUCTORS

-u——_’ﬂrl__ H
o1
N CONNECTOR
Fig. 6-11
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WIRE CONNECTORS

CONNECTOR—
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WIRE CONNECTORS

el

— — —

CABLES
CONNECTOR—< _>/ {

I 3
CONDUCTORS—<- P
— > b
—_— t
| . [ﬂ
Fig. 6-18

H—— T l=—CONNECTOR
1 cx

LESTE I ¢
conoucTor |

—Y 1 o | - :
CABLE |

— Fe—CONNECTOR
—H
CONDUCTOR !
g i S
S ot A il
\_ 1 t"f‘ﬁ-—'ﬁ 'A’T“

CABLE l |

Fig. 6-17

-“WIRE VNSERT

==

SECTION A-A

Fig. 6-18
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SWITCH CONNECTIONS FOR LIGHTING

_Q_ _<D___
S.p
CLOSED
D.P
CLOSED
5 3 way 3 way
ONE POSITION OTHER POSITION
4 WAY 4 WAY
ONE POSITION OTHER POSITION
ELECTROLIER ELECTROLIER
ONE CIRCUIT CLOSED TWo CIRCUITS CLOSED

Fig. 6-18. The above symbols will be used to represent var-
ious types of switches in the following connection diagrams.

/)
/

LINE

LINE

D. P

Fig. 6-20. The top diagram shows a simple sin le-pole switch
connected to control one light. The lower diagram shows
a double-pole switch connected to break both sides of the
circuit to a light.
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aw aw

2

Fig. 6-21. Two three-way switches used for controlling a
light from two different places.

s

Fig. 6-22. This sketch shows the Cartweis system of con-
necting three-way switches. This method should not be
used on 110-volt circuits in interior wiring.

tinNg
108

Fig. 6-23. This diagram shows two three-way and two four-
way switches connected to control a light from four different
places. Note carefully the connection and arrangement of
the three-way switches at the ends, and the manner in
whichdthe wires to one side of the four-way switches are
crossed.
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@

Fig. 6-24. The above three diagrams show methods of sub-
stituting various switches when the proper ones are not
available. The top and center connections show the use of
three-way and four-way switches in place of single-pole
switches. The lower connection shows four-way switches
used in place of three-way switches at the ends of the
group,

BRANCH CIRCUITS
Adapted from National Electrical Code

A branch circuit includes the portion of the wiring
system extending beyond the final overcurrent device
(fuse, cutout or circuit breaker) that protects the
branch circuit. A thermal cutout or a motor overload
protective device is not considered to be a circuit-
protecting overcurrent device.

Voltage. Branch circuits supplying lampholders, fix-
tures or receptacles of the standard 15-ampere or less
rating, shall not exceed 150 volts to grouid, except
as permitted for railway properties. In dwelling occu-
pancies, the voltage between conductors supplying
lanipholders of the screw-shell type, receptacles, or
appliances, shall not exceed 150 volts, except that the
voltage between conductors supplying permanently
connected appliances or portable appliances of more
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than 1650 watts may exceed 150 volts if connected to
receptacles of such design that attachment plugs used
on circuits of other voltages cannot be inserted in
them.

Taps. Taps.to individual lampholders or fixtures,
and taps not over 18 inches long to individual outlets
supplving lampholders or fixtures, may be of smaller
size than the branch-circuit conductor, but not less
than the size of tap specified for cach type of branch
circuit, provided the load does not exceed the carry-
ing capacity of the conductor.

Determination of Circuits. The minimum number
of branch circuits shall be determined from the total
load as computed helow and the types of circuits to
be used, but the number of branch circuits shall in
every case be sufficient for the specific load to be
served. The total load shall be evenly proportioned
among the branch circuits according to the capacity
of the circuits, insofar as practicable. 1f circuits sup-

cg| |

Fig. 6-25. These three diagrams show the mananer in which
an electrolier switch can be used to turn on one or more
lights at a time.
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SIGNAL AND ALARM CIRCUITS

STRAISHT WARLS 2
stiL

—+—- on —l—.mmu wanes
= swzzen
:@ ZLECTRO -MASNET
or CROSSED WIRES
Je
L OPEN CRCUIT PROP RELAY
f, Puwn BUTTON sWiTcH i
€CLOSED CIRCUIT POOR
c—l PUSH BUTTON SWITOH oR aseT
POUBLE CIRCUIT
PUSH BUTTON SWITCH :@ &\‘l PONY RELAY

—ll-— JiNeLE  CELL t—? sounsen

-k

—Mlll— Jceut u.A'r'ruw

‘g ney
T I - -

Fig. 6-26. These are some of the most important symbols
used in signal diagrams and circuits.

@) O
[L—Fl t

>
>

A
b

< {s]e-

Fig. 6-27. Returm call system. Button No. ! will ring bell
No. 2; button No. 2 rings bell No. 1.
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Fig. 6-28. “Group” method of connecting a large number of
{ellu and switches to secure independent operation of each
with the ieast number of wires.

O

Ji | J

I

Fig. 6-29. This sketch shows the proper method of conmecting
vibrating belis in series to secure best resuits.

—Joj—
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Swmman
]
L A

Fig. 6-30. Diagram illustrating the principle of a closed cir-
cuit stick relay.

| —

ey

Fig. 6-31. Closed circuit burglar alarm system of three sec-
tions, each using stick relays for constant ringing; and an
annunciator to indicate point of disturbance,
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ply continuous loads, such as store lighting and sim-
ilar loads, the load shall not exceed 80 per cent of
the branch circuit rating.

Calculation of Load. In calculating the load on the
basis of watts per square foot, the floor area shall bhe
ccmputed from the outside dimensions of the building,
apartment, or areca involved, aud the number of
floors, not including open porches, garages in connec-
tion with dwelling occupancies, nor unfinished spaces
in basements or attics. The total computed load shall
be the sum of the loads computed in accordance with
the following:

a. General Lighting. For general illumination in
the occupancies shown in the following table, a Joad
of not less than the "watts per square foot” as speci-
fied for each occupancy shall be included for each
square foot of floor area:

Occupancy Watts per

Square Foot

Apartments and Multi-Family Dwellings*....
Armories and Auditoriums ...l
Banks
Churches oo e e
Clubs*
Dwellings, Single-Family*t ...
Hospitals
Hotels*
Office Buildings
Restaurants
Schools .......
Stores

In any of the above listed occupancies, except
single-family dwellings and individual apartments of
multi-family dwellings:

< Eﬁfﬂl% O

LN D = BN =B

Fig. 6-32. Double circuit stick relay used in a closed circuit
gur;lnr alarm system. This is a very simple and efficient
alarm circuit.
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Assembly Halls and Auditoriums ... 1
Hallways, Corridors and Closets ..__........... | A
Storage Spaces oo i

*It is recommended that in occupancies used for dwelling
purposes. in addition to any branch circuit supplying appli-
unces, a 15-ampere branch circuit be installed for each 500
square feet (approximately 3 watts per square foot) of
floor area.

tIn a single-family dwelling with a floor area of 500 square
feet or less, the lighting load may be determined as specified
under ‘““Other Loads" below. )

For general illumination in occupancies not listed
above, the load shall be computed in accordance with
the provisions under "Other l.oads” below,

b. Show-Window Lighting. For show-window
fllumination, a load of not Jess than 200 watts shall
be included for cach linear foot of show-window,
measured horizontally along its hase.

c. Small Appliances. FFor small appliances, an ad-
ditional load of not less than 1.500 watts shall be in-
cluded for dining room, kitchen and laundry purposes
in single-family dwellings, for individual apartments
of multi-family dwellings having provisions for cook-
ing by tenants, and in each hotel suite having a serv-
ing pantry: except that in-single-family dwellings with
a floor area of less than 1,000 square feet, the addi-
tional load may be 1,000 watts, For small appliances
in other occupancies, see the following paragraph.

d. Other Loads and Other Occupancies. For other
occupancies and for special lighting and appliance
loads, capacity shall be included for the specific load
to be served, but a load not less than specified below
shall be included for each outlet:

Qutlets supplying fixed appliances or

special appliances ... Amp. rating of appliance
QOutlets supplying heavy-duty lamphold-

ers 5 amperes
Other outlets ........ 114 amperes

Receptacle Circuits in Dwellings. In dwelling oc-
cupancies, branch circuits, which supply receptacle
outlets in kitchen, laundry, pantry, dining room, and
breakfast room, shall not supply other outlets, and
such circuits shall have conductors not smaller than
No. 12,

Receptacle Outlets. Receptacle outlets shall be in-
stalled in every kitchen, dining room, breakfast room,
living room, parlor, library, den, sun room, recreation
room and bedroom. One receptacle outlet shall be
provided for every 20 linear feet or major fraction
thercof of the total (gross) distance around the room
as measured horizontally along the wall at the floor
line. The receptacle outlets shall, insofar as prac-
ticable, be spaced equal distances apart. At least one
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receptacle outlet shall be installed for the connection
of laundry appliances.

Receptacles. Receptacles shall conform to the fol-
lowing:

a. Where Required. Fixed receptacles shall be in-
stalled where portable cords are used, except where
the attachment of flexible cords by other mcans is
specifically permitted.

b. Rating. Receptacles shall have a rating of not
less than the rating of the load served.

Heavy-Duty Lampholders. Heavy-duty lamphold-
ers include lampholders of the mogul type, a lamp-
holder of the medium-base type which is an integral
part of a single lighting unit having also a heavy-
duty lampholder, and other lampholding devices re-
quired for lamps exceeding the maximum rating of
the medium-base lamp.

Classification. Branch circuits recognized by this
article shall be classified in accordance with the max-
imum permitted rating or setting of the overcurrent
device as provided herein. When conduetors of larger
size than specified are used to provide for voltage
drop, the specified rating or setting of the over-current
device shall determine the circuit classification.

In each of the following circuits classified according
to a number of amperes, overcurrent devices shall
have a rating or setting not excceding that number
of amperes, and the maximum load shall not exceed
that number of amperes which classifies ecach circuit.

- 15-Ampere Branch Circuit

& Conductors. Conductors shall not be smaller than

No. 14,

Permissible Load. A 15-ampere branch circuit may
,supply only:

a. Lampholders. Permanently connected lamphold-
ers of all types.

b. Receptacles. Receptacles rated at not more than
15 amperes supplying:

1. Lampholders of all types.

2. Appliances with individual rating of not more
than 12 amperes. '

c. Fixed Appliances. Fixed appliances with a total
rating of not more than:

L Six amperes, if the circuit also supplies lamp-
holders or portable appliances.

2. Twelve amperes, if the circuit supplies motor-
operated appliances.

3. Fifteen amperes, if the circuit supplies only fixed
appliances other than motor-operated appliances.
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20-Ampere Branch Circuit

Conductors. Conductors shall have a carrying-capac-
ity of not less than 20 amperes, except that taps may
be of No. 14,

Permissible Load. A 20-ampere circuit may supply
only:

a. Lampholders. Permanently connected heavy-
duty lampholders, or a medium-hase lampholder of
the porcelain keyless type which is part of a lighting
unit connected directly with the permanent wiring and
controlled by a switch.

b. Receptacles. Receptacles rated at not less than
15 amperes supplying:

1. Lampholders of heavy-duty type.

2. Appliances with individual rating of not more
than 15 amperes.

c. Fixed Appliances. Fixed appliances with a total
rating of not more than:

1. Fifteen amperes, if the circuit also supplies lamp-
holders or portable appliances.

2. Fifteen amperes, if the circuit supplies motor-
operated appliances.

3. Twenty amperes, if the circuit supplies only fixed
appliances other than motor-operated appliances.

25-Ampere Branch Circuit

Conductors. Conductors shall have a carrying-
capacity of not less than 25 amperes, except that taps
may be of less capacity but not smaller than No. 14.

Permissible Load. A-25-ampere branch circuit may
supply only:

a. Lampholders. Permanently connected heavy-
duty lamipholders.

b. Receptacles. Receptacles rated at not less than
20 amperes supplying:

1. Lampholders of heavy-duty type.

2. Appliances with individual rating of not more
than 20 amperes.

c. Fixed Appliances. Fixed appliances with a total
rating of not more than:

1. Twenty amperes, if the circuit also supplies
lampholders or portable appliances.

2. Twenty amperes, if the circuit supplies motor-
operated appliances.

3. Twenty-five amperes, if the circuit supplies only
fixed appliances other than motor-operated appliances.

35-Ampere Branch Circuit p
The 35-ampere branch circuit shall not be used in
dwelling occupancies to supply lampholders, nor to

supply portable appliances in any occupancy.
For portable appliances rated in excess of 20 amperes see
“Individual Branch Circuits.”
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Conductors. Conductors shall have a carrying capac-
ity of not less than 35 amperes, except that taps may
lhe of less capacity but not smaller than No. 14,

Permissible Load. A 35-ampere branch circuit may
supply only:

a. Lampholders. Permanently connected heavy-
duty lampholders in other than dwelling occupancies.

b. Receptacles. Rcceptacles rated at not less than
30 amperes supplying:

1. Lampholders of the heavy-duty type in other
than dwelling occupancies.

2. Appliances other than portable.

c. Fixed Appliances. Fixed appliances with a total
rating of not more than:

1. Twenty-five amperes, if the circuit also supplies
lampholders.

2. ‘Twenty-five amperes, if the circuit also supplies
motor-operated appliances.

3. Thirty-five amperes, if the circuit supplies only
fixed appliances other than motor-operated appliances.

50-Ampere Branch Circuit

The 50-ampere branch circuit shall not be used to
supply lampholders in dwelling occupancies, nor to
supply portable appliances or combination lighting
load and appliance load in any type occupancy.

For portable appliances rated in excess of 20 amperes see
“Individual Branch Cirecuits.”

Conductors. Conductors shall have a carrying-
capacity of not less than 50 amperes, except that taps
may be of less capacity but not smaller than No. 12.

Permissible Load. A 50-ampere branch circuit may
supply only:

a. Lampholders. D’ermancntly connected heavy-
duty lampholders in other than dwelling occupancies.

b. Receptacles. Receptacles rated at not less than
50 amperes supplying:

1. Lampholders of the heavy-duty type in other
than dwelling occupancies,

2. Cooking appliances other than portable.

c. Fixed Appliances. A group of fixed cooking
appliances, or a fixed range and water heater, with a
total rating of not more than 50 amperes.

Individual Branch Circuit

The individual branch circuit, except branch circuits
supplying motors aud motor-operated appliances, shall
be used to supply only a single outlet or appliance.

Conductors. Conductors shall have a carrying-
capacity sufficient for the load which they supply.

Overcurrent Protection. Overcurrent devices shall
have a rating or setting not in excess of the carrying
capacity of the conductors of the circuit and not ex-
ceeding 150 per cent of the rating of the appliance.
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WIRING METHODS AND MATERIALS

Maximum Load. The load shall not be limited. If
an individual branch circuit supplies a range, hot plate,
or similar appliance with surface heating elements,
having a rating of more than 70 amperes, the appli-
ance shall have sub-divided circuits each provided with
over-current protection not exceeding 50 amperes.

Permissible Load. An individual branch circuit may
supply only:

e e ——

a. Lampholders. A single lampholder or lighting
fixture.

b. Receptacles. A receptacle supplying:

1. A single lampholder or lighting fixture.

2. A single appliance of any rating, except as lim-
ited above.

c. Fixed Appliances. A single fixed appliance of
any rating, except as limited above.

Receptacle. A device which holds or supports and
at the same time makes electrical connections to a
lampholder, lamp base, cord plug, or other attachment
device.

Receptacle Outlet. An outlet equlpped with one or
more receptacles intended to receive attachment plugs
or cord plugs, not with receptacles of the screw type.

Lighting Outlet. In a building wiring system an
outlet intended for direct connection of a lampholder,
a lighting fixture, or a cord that carries a lampholder.

P PP

GROUNDING

Two-Wire Direct-Current Systems. Two-wire di-
rect-current systems supplying interior wiring, and
operating at nat more than 300 volts between conduc-
tors, shall he grounded, unless such system is used i
for supplying industrial equipment in limited areas
and the circuit is equipped with a ground detector,

It is recommended that 2-wire direct-current systems op-
erating at more than 300 volts between conductors be
grounded if a neutral point can be established such that the
maximum difference of potential between the neutral point
and any other point on the system does not exceed 300 volts.
It is recommended that 2-wire direct-current systems be not
grounded if the voltage to ground of either conductor would
exceed 300 volts after grounding. ,

Three-Wire Direct-Current Systems. The neutral
conductor of all 3-wire direct-current systems supply-
ing interior wiring shall be grounded.

Alternating-Current Systems. Secondary alternat-
ing-current systems supplying interior wiring, and in- ’
terior alternating-current wiring systems, shall be
grounded if they can be so grounded that the maxi- ‘

mum voltage to ground does not exceed 150 volts.
It is recommended that such systems be grounded as pro-

o o o

vided herein if the voltage to ground exceeds 150 volts, but l

does not exceed 300 volts. Higher voltage circuits may be

grounded. ]
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WIRING METHODS AND MATERIALS

Voltage to Ground. In grounded circuits, the volt-
age bhetween the given conductor and that point or
conductor of the circuit which is grounded.

In ungrounded circuits, the greatest voltage be-
tween the given conductor and any other conductor
of the circuit.

TYPES OF LOCATIONS

Dry Location: A location not normally subject to
dampness or wetness. A location classified as dry
may be temporarily subject to dampness or wetness,
as in the case of a building under construction.

Damp Location: A location subject to a moderate
degree of moisture, such as some basements, sonie
barns, sonte cold storage warehouses, and the like.

Wet Location: A location subject to saturation
with water or other liquids, such as locations exposed
to the weather, wash rooms in garages, and like loca-
tions. Installations underground or in concrete slabs
or masonry in direct contact with the earth, shall be
considered as wet locations.

Hazardous Location: Premises, locations, rooms or
portions thereof in which (1) highly flammable gases,
flammable volatile liquids, mixtures or other highly
flammable substances are manufactured or used or are
stored in other than original containers; or (2) where
combustible dust or flyings are likely to be present
in quantities sufficient to produce an explosive or
combustible mixture; or (3) where it is impracticable
to prevent such combustible dust from collecting in
such quantities on or in motors, lamps or other elec-
trical devices that they are likely to become over-
heated because norimal radiation is prevented; or (4)
where easily ignitible fibres or materials producing
combustible flyings are handled, manufactured, stored
or used.

HIGH VOLTAGE TEST FOR WIRING
INSTALLATIONS

The following method is recomniended for installa-
tions on R.E.A. work in testing for polirity, short
circuits, and accidental grounds.

As you will note in the accompanying diagram, the
necessary equipment consists of one 220 volt Neon
lamp, one 250 volt 25 watt incandescent lamp, a 220
volt DC supply and leads of sufficient length to con-
nect supply to meter socket.

Polarity Test. When a Neon lamp is connected to
a DC supply only one electrode will glow, the one
connected to the negative line. To make this test
screw the Neon lamp into the sockets to be tested. If
the correct electrode glows the polarity is correct.
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WIRING METHODS AND MATERIALS

We suggest you test the Neon lamp on a known po-
larity and mark the electrode which should glow.

Short Circuit and Ground Test. In this test, remove
all lamps and appliances, and close all switches. If
the pilot lamp lights, it indicates a short or ground.
To localize the offending circuit, first remove fuses
in branch circuits, one at a time, until light is ex-
tinguished. When the branch circuit is located then
open switches one at a time until a switch is opened
which causes the light to go dark.

Supply for Testing. Possibly five 45 volt “B" bat-
teries serve the purpose as well as anything. How-
ever, a Mallory Vibrapack No. V. P. 552 may be used
in conjunction with your car battery. This is a vi-
brator power pack which connects to a six volt bat-
tery, supplying an output of 225 volts and up, and a
100 M.A. capacity. This Vibrapack may be purchased
from any Radio supply house. If this unit is used, be
sure to use a 250 volt 25 watt lamp.

LIGHT OUTLET \
%..'_._ [ AR CIRCUIY

NEON TEST LAMP
220 YOLTS

225E 25W PiLOT LAMP

7\

U/
THIS EQUIPMENT MAY BE CARRED IN REAR OF CAR
+ M FHL.F ¥+ |-
45E ASE 45€ 4J5E 4S5SE

SUPPLY FOR TESTING—FIVE 45 E "B BATTERIES.

Fig. 6-33
Insulation Resistance Tests. The National Electrical
Code states that all wiring shall be so installed that
when completed the system will be free from short
circuits and grounds. In order that a reasonable fac-
tor of safety may be provided, the following table
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WIRING METHODS AND MATERIALS

of insulation resistances is suggested by the Code as
a guide where the insulation is subjected to test. In-
sulation testing miethods are described in the section
on Insulation and Insulators.
1. For circuits of No. 14 or No. 12 wire...1,000,000 ohms
For circuits of No. 10 or larger conductor, & resistance
based upon the allowable current-carrying capacity of con-
ductors as fixed in Tables 1 and 2 of Chapter 10, of this code
as follows:
25 to 50 amperes, inclusive 250,000 ohms
51 to 100 amperes, inclusive. 100,000 ohms

101 to 200 amperes, inclusive 50,000 ohms
201 to 400 amperes, inclusive ........ 25,000 ohms
401 to 800 amperes, inclusive........... 12,000 ohms
Over 800 amperes . d .000 ohms

2. The above values shall be determined with all switeh-
boards, panelboards, fuscholders, switches and overcurrent
devices in place.

3. If lampholders, receptacles, fixtures, or appliances are
also connected, the minimum resistance permitted for branch
circuits supplying same shall be one-half the values specified
in paragraph 1.

4. Where climatic conditions are such that the wiring or
equipment is exposed to excessive humidity, it may be neces-
sary to modify the foregoing provisions.

TROUBLE TESTS

When troubles such as grounds, opens or shorts
occur in wires in conduit, the fault can be located as
follows:

Suppose one wire is suspected of being broken or
“open.” Connect all the wire ends to the conduit at
one end of the line, as in Fig. 6-34 at C. Then test
with the bell and battery at the other end, from the
conduit to cach wire. The good wires will each cause
the bell to ring, but No. 2, which is broken at “xn
will not cause the bell to ring, unless its broken end
happens to touch the conduit.

When testiig for short-circuits between wires, dis-
connect all wires from the devices at each end of the
line and test as in Fig. 6-34 at D.

When the bell is connected to wires Nos. 1 and 2 it
will ring, as they are shorted or touching each other
at “X”, through damaged insulation. Connecting the
bell to any other pair will not cause it to ring.

Sometimes one wire becomes grounded to the con-
duit because of defective insulation as in Fig. 6-34 at E.

For this test we again disconnect the devices from
the wires, and connect the test bell and battery as
shown.

With one test lead on the conduit, try the other lead
on each wire. It will not ring on Nos. 1, 2, or 3, but
will ring on No. 4 which is touching the pipe at “X",
thus making a closed circuit for the test bell.

128



WIRING METHODS AND MATERIALS ‘

Fig. 6-34. Sketches showing methods of testing for various
faults in wires run in conduit,




Section 7

OVERCURRENT AND OVERLOAD
PROTECTION

DEFINITIONS

Overcurrent Device. A protective device, such as a
fuse or circuit breaker, which acts almost instantane-
ously to open a circuit when current in that circuit
exceeds a certain predetermined value.

Fuse. A strip or wire of metal which, when it car-
ries an electric current greater than the capacity or
rating of the fuse, will become so heated by the
excess of current as to melt or burn out. The fuse is
connected in the circuit to be protected against over-
current, and melts to open the circuit when overcur-
rent exists in the circuit. A fuse sometimes is called
a cutout. Other overcurrent protective devices include
automatic relays and circuit breakers.

Plug Fuse. A fuse so mounted as to screw into
its holder.

Cartridge Fuse. A fuse enclosed with an insulating
and protective covering and provided with connections
at its ends.

Circuit Breaker. A device for automatically opening
a circuit in case of over-current in this or another
circuit, and sometimes for opening the circuit in case
of under-voltage.

Overload Device. A protective device, such as a
thermally operated or heat-operated switch, that acts
to open a circuit when an excessive load and excessive
current have continued for long enough to bring tem-
perature of the cirgcuit wires nearly to the danger
point.

Time Delay Device. A device such as a relay or
circuit breaker that operates only after a period of
time following some change of current or voltage, or
some other action in an electrical system.

Devices. Devices such as relays and cut-
outs that are operated usually by the expansion of
parts ‘which are heated by flow through them or
through adjacent parts of an electric current. Ex-
cessive current causes excessive heating, and the ex-
pansion that operates the device. In other styles the
overheating melts a fusible metal which releases the
operating parts.

Setting. The current at which or in excess of which
a circuit breaker or other adjustable protective device
will operate to open its circuit.
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PROTECTION
CIRCUIT BREAKERS AND FUSES

Plug fuses are used onmly in conductors between
which the potential difference is no greater than 125
volts, except in wiring where there is a grounded neu-
tral; but never are used where there is more than
150 volts to ground.

Plug fuses are used for curremts not exceeding 30
amperes. These fuses for currents of 15 amperes and
less are identified by having a hexagonal window, a
hexagonally shaped top, or some other prominent
hexagonal feature.

idge Fuses. National Electrical Code standard
cartridge enclosed fuses are made in two styles; the
ferrule contact type and the knife blade contact type.
Both are illustrated by Fig. 7-1.

Each type is made in various current ratings, but
of each type there are only six sizes as classified by
diameter and length. The current ratings in each size
class are as follows:

0- 30 101-200
31- 60 201-400
61 - 100 401-600

The fuses and fuse holders are so designed that it
is impossible to put a fuse of any given class into a
fuseholder which is designed for a lower current or a
higher voltage than the class of the fusé itself. Each
fuse is marked with its rating in amperes and volts.

In circuits whose currents exceed the greatest
capacity of any standard cartridge fuse, fuses may be
connected in mudtiple; using the fewest possible num-
ber of fuses of identical types and ratings, so con-
nected that there is no difference of potential between
terminals.

devices are not designed to open a circuit
which is carrying the excessive current due to a short
circuit or accidental ground, so must not be used for
overcurrent protection of conductors.

Time-delay, thermal-trip circuit breakers having
fixed settings in amperes must not be rated at more
than the allowable current-carrying capacity of the
conductors in their circuit.

Thermal devices used for the running protection of
motors mnst be protected by fuses or circuit breakers
which have a capacity in amperes not over four times
the rating of the motor, except in some circuits serv-
ing groups of motors.

Circuit are constructed so that they may
be operated by hand as well as automatically. They
always indicate whether their circuit is closed or open.
Circuit breakers of the instantaneous type must be
set to operate at a current no greater than 125 per
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OVERCURRENT AND OVERLOAD
PROTECTION
cent of the current-carrying capacity of the conduc-
tors. This rule applies also to circuit hreakers of the
time-delay, magnetic trip type. Circuit breakers are
intentionally constructed so that it is difficult to alter
the setting.

fer :—’&q_' -
N i 2
n

Form 1. CARTRIDGE FUSE—Ferrule Contact.

1

Foq° H~;* .
-HH €
C

Form 2. CARTRIDGE FUSE—Knife Blade Contact.
Fig. 7-1
LOCATION OF OVERCURRENT DEVICES

Overcurrent devices which protect a given conduc-
tor ordinarily are located at the point where that
conductor receives its current from another conductor
or circuit. This rule does not apply where the over-
current device protecting a larger conductor is of a
rating which suitably protects the following smaller
conductor. [t does not apply either to service con-
ductors, which receive their supply from an outside
circuit, but in which the overcurrent device may be
within the building.

Overcurrent devices for smalt installations always
are mounted inside of enclosed cutout boxes or cab-
inets.

In circuits operating at more than 150 volts to
ground, and generally in the case of cartridge fuses
regardless of voltage. it must be possible to open the
circuit containing an overcurrent device by a separate

}-—o
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OVERCURRENT AND OVERLOAD
PROTECTION
switch or other means, so that the overcurrent device ;
will be dead when handled.
It is a general rule that every ungrounded conductor
‘must run through an overcurrent device. A grounded

SINGLE - PHASE i

Yol
Connected
Source of

Power

PP .

Over
Current
Unit

Fig. 7-2

=

Over >
Current
Unit

Fig. 7-3

Over %
Current 2

Over -

Current

Unit U U I

Fig. 7-4 Fig. 7-6

conductor in the same circuit is assumed to be pro-
tected by the overcurrent device which is in the un-
grounded conductor. | ‘
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In general there may be no overcurrent device in
any permanently grounded conductor. However, there
may be one when the same device simultaneously
opens all grounded and ungrounded conductors of=

SINGLE AND TWO-PHASE

- P

L -
o Over ¢
Curront Curreat
Unit Usit
Flg. 7.7 Fig. 7-8

R

(2R Ll ol Syuiy S |

Fig. 7-8 om
U — Fig. 7-10
the circuit. There may be an overcurrent device in
a grounded conductor when the circuit, of the 2-wire
type, is of such type that it may have its connections
reversed. Such a case is a 2-wire branch circuit in

134



OVERCURRENT AND OVERLOAD

PROTECTION
which the screw shells of all lampholders may not be
connected to an identified grounded conductor. Then
an overcurrent device should be in both conductors
of this circuit.

THREE-PHASE

i}

il

Fig. 7-13

<

Over Current {

el
o 131

Grounded
j or .
—L- | Ungrounded

Y F

Fig. 7-12 Fig. 7-18

The following table and Figs. 7-2 to 7-15, from the
National Electrical Code, shows the number of over-
current devices, such as relays or trip coils, to be used
for various kinds of circuits. This table does not apply
to service conductors, nor to overcurrent protection
for motors.
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PROTECTION

When the table calls for three or four overcurrent
devices, and such standard units are not available, it
may be permissible to use two regular overcurrent
devices and one or two extra fuses to make up the
required number.

When a certain number of overcurrent devices is
called for. all may be of the series type, or, instead
of the scries type, there may be the same number of
current transformers and an equal number of second-
ary overcurrent tripping devices used with the trans-
formers.

RUNNING PROTECTION OF MOTORS

If fuses are used for the running protection of mo-
tors. one fuse is inserted in each ungrounded con-
ductor. If other types of devices are used, such as
relays, thermal cutouts or trip coils, the location of
these devices and their minimum number are shown
by the following table and in Fig. 7-16. If suitable
devices are available, it is advisable to open all un-
grounded conductors. In any case it is necessary to
simultaneously open enough ungrounded conductors
to interrupt flow of current to the motor. As an
example, opening only one conductor of a 3-phase
supply would atlow current to continue through the
two remaining conductors, Devices other than fuses
must have a rating of at least 115 per cent of the full-
load current of the motor.

Kind of

Number & Location
Motor Supply

of Devices

1-phase A.C. or
D.C.

1-phase A.C. or
D.C.

1-phage A.C. or
z-pll),;sé AcC.
2-phase A.C.
2-phase A.C.

2-phase A,C.

3-phase A.C.
3-phase A.C.
3-phase A.C,
3-phase A.C.

2-wire, .1-phase A.C. or
C.. ungrounded
2-wire, 1-phase A.C. or
C., one conductor
grounded
3-wire, 1-phase A.C. or
D.C., grounded-neutral
3-wire, 2-phase A.C.,
ungrounded
3-wire, 2-pghase A.C., one
conductor grounded
4-wire, 2-phase A.C.,
grounded or unground-

e

S-wire, 2-phase A.C.,
grounded neutral or
ungrounded

3-wire, 3-phase A.C.,
ungrounded

3-wire, 3-phase A.C., one
conductor grounded

3-wire, 3-phase A.C,,
grounded-neutral

4-wire, 3-phase A.C.,
grounded-neutral or
ungrounded
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1 in either conduc-
tor

1 in ungrounded
conductor

1 in either unground-
ed conductor

2, one in each
phase

2 in ungrounded
conductors

2, one per phase in
ungrounded con-
ductors

2, one per phase in
any ungrounded
phase wire

2 1n any 2 conduc-
tors

2 in ungrounded
conductors

2 in any 2 conduc-
tors

2 in any 2 conduc-
tors, except the
neutral
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OVERCURRENT UNITS SUCH AS TRIP COILS
OR RELAYS FOR PROTECTION
OF CIRCUITS

TYPE OF SYSTEM

2-Wire, Single-phase A.C. or
D.C. Ungrounded.

2-Wire, Single-phase A.C. or
.. One Wire Grounded.
2.Wire, Single-phase A.C. or
.C., Mid-point Grounded.
2-Wire, Single-phase A.C. De-
rived from 3-Phase, with
Ungrounded Neutral.

2-Wire, Sinl!le-phase Derived
from 3-Phase, Grounded
Neutral System by Using
outside Wires of 3-Phase
Circuit.

3-Wire, Single-phase A.C. or
.C.. Neutral Grounded or
Ungrounded.

3-Wire, 2-Phase, A.C., Com-
mon Wire Grounded or
Ungrounded.

4-Wire, 2-Phase, Ungrounded,
Phases Separate.

4-Wire, 2-Phase, Grounded
Neutral, or 5-Wire, 2-
Phase, Grounded or Un-
grounded,

3-Wire, 3-Phase, Ungrounded.

3-Wire, 3-Phase, 1 Wire
Grounded.

3-Wire, 3-Phase, Grounded
Neutral,

3-Wire. 3-Phase, Mid-point
of one phase grounded

4-Wire, 3-Phase, Neutral
Grounded or Ungrounded.

NUMBER AND LOCATION
OF DEVICES

One (in either conductor. Place
always in conductors con-
nected to same side of the
circuit. Fig. 7.2

One (in ungrounded conductor,
Fig. 7.3

Two tone in each conductor.
Fig. 7-4

Where a group of feeders is
fed from the three phases of
a common three-phase bus,
each conductor served by
either of two conductors of
the three-phase bus must be
equipped with one over-cur-
rent unit. This will result
n some circuits being equip-
ped with one unit_and other
with two units, Fig. 7.5

Two (qne in each conductor.
Fig. 7-6

Two (one in each conductor
except npeutral conductor.
Fig. 7-7

Two (one in each conjductot

Fig. 7-8

Two (one in each ts)l:.ue. Place
always in conductors con-
nected to same side of the
circuit in each phase. Fig. 7-9

Four (one‘in each conductor
except neutral conductor,
Fig. 7-10

a. Three (one in each conduc-
tor if the circuit is seryed
by a Y-delta “or delta-Y
transformer having the
neutral in either case un-
grounded or not connected
to the circuit. Fig. 7-11).

b Two, under all other condi-
tions, Place always in same
phases.

Two (one in each ungrounded
conductor. Fig. 7-12

Three (one in'eack conductor,
Fig. 7-13

Three (one in each conductor.
Fig. 7.14

Three (one in each conductor
cept conductor.
ig. 7-18
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Simsre Puase.
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Fig. 7-18

RATINGS OR SETTINGS OF MOTOR BRANCH
CIRCUIT PROTECTIVE DEVICES

The following table gives settings or ratings for
motor branch circuit protective devices as recom-
mended by the National Electrical Code.

Where values specified do not correspond to stand-
ard sizes or ratings of fuses, circuit breakers, thermal
cutouts, or thermal relays, or the heating elements of
thermal-trip motor switches, the next larger size or
rating may be used, but not exceeding 150 per cent of
the full-load current rating of the motor.

Where the overcurreat protection specified in the
table is not -sufhicient for the starting current of the
motor it may be increased, but in no case may exceed
four times the full-load running current of the motor.

Synchronous motors of the low-torque. low-speed
tvpe (usually 450 rpm or lower), such as are used to
drive reciprocating compressors, pumps, etc., which
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start unloaded, do not require a fuse rating or circuit
breaker setting in excess of 200 per cent of the motor
full-load running current.

MAXIMUM RATING OR SETTING OF MOTOR
BRANCH CIRCUIT PROTECTIVE DEVICES

For Motors Not Marked With a Code Letter
Indicating Locked Rotor KVA.

CIRCUIT BREAKER
TYPE OF MOTOR FUSE INSTAN- TIME
RATING | TANEOUS LIMIT
TYPE TYPE
Single-phase, all types.._ 300 J— 250
Squirrelcage and syn-
h (full-voltage,
X and ; .
starting) - —_ 300 — 250
i and syn-
chronous (auto - trans-
former ing)
Not more than 30 am-
peres 250 —— 200
More than 30 amperes.. 200 e 200
High-reactance squirrel-cage
Not more than 30 am-
peres 250 == 250
More than 30 amperes_ 200 =) 200
Wound-rotor . 150 = 150
Direct-current
Not more than 50 H.P, 150 250 150
More than 50 HP. . 150 175 150

For Motors Marked With a Code Letter

All AC. single-phase and
pnl‘rpl:ue squirrel cage
and synchronous motors
with full-voltage, resis-
tor or reactor starting:

Code Letter A 150 150

Code Letter B to E. 250 — 200 .
Code Letter F to R.. 300 N 250
All AC irrel cage and
lyndn:ll::: moto.l?s
with auto-transformer
mcﬁf’wm A ____ 150 150

Code Letter F to R_ 250 200
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Section 8
MAGNETS, COILS, AND INDUCTION

DEFINITIONS

Permanent Magnets

Magnet. A piece of iron -or steel which has the
property of attracting other pieces of magnetic ma-
teriat such as iron, and has the property of attracting
or repelling other magunets.

Permanent Magnet. A piece of steel in which the
particles are so lined up that the piece remains mag-
netized and continues to have a magnetic field without
help from any external magnetism.

Pole. One end of a magnet.

Magnetic Polarity, ldentification of magnetic poles
according to the direction of lines of force: the north
pole being the one at which lines issue from the mag-
net, and the south pole the one at which they re-enter
the magnet. '

Bipolar. Having two magnetic poles, one north and
the other south, Two-pole.

Multipolar. Having more than one maguetic pole.
Usually refers to an electric machine having more
than two poles, the two-pole types being called bipolar
or two-pole.

Compound Magnet. A permanent magnet consisting
of several similarly shaped single magnets in close
contact and with like poles together.

Retentivity. A measure of the ability of a perma-
nent magnet to retain its magnetic strength.

Non-Magnetic, Materials such as glass, wood, cop-
per. brass and paper which are not affected by mag-
netic fields.

COILS

Helix. A coil formed by a single-layer spiral wind-
ing. usually with no iron in the core-space.

Coil. A number of turns of wire wound on an iron
core or on a coil form made of insulating material.
A coil offers considerable opposition to the passage
of alternating current but very little opposition to
direct current.

Core. The center of a coil.

Air Core. A term used to describe coils or trans-
formers which have no iron in their magnetic circuits.
Air-core construction is used chiefly in high-frequency
circuits.

Electrcmagnet. A coil of wire, usually wound on
an iron core, which produces a strong magnetic field
when current is sent through the coil.
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MAGNETS, COILS, AND INDUCTION

Iron-Core Coil. A coil havihg iron inside its wind-
ings. The iron is usually in the form of laminations,
but it may also be pulverized iron mixed with a biud-
ing material.

Filter Choke. A coil used in a filter system to pass
low frequency currents or direct current while limit-
ing or blocking the flow of higher-frequency alter-
nating or pulsating currents. .

Winding. One or more turns of wire which make
up a continuous coil. Used chiefly in coils, trans-
formers and electromagnetic devices.

MAGNETIC CIRCUITS

Magnetic Circuit. A complete path for magnetic
lines of force. It always includes the permanent mag-
net or electromagnet which is producing the magnetic
lines of force.

Flux. The magnetic lines of force in a magnet or
in a magnet and its magnetic field. The flux, in mag-
netism, is similar to the current in electric circuits,
since both terms refer to a flow.

Magnetic Flux. Total number of magnetic lines of
force acting in a maguetic circuit.

¢ Flux. That portion of tlie total magnetic
flux which does not link all of the turns of wire in a
coil or transformer and is consequently wasted.

Air Gap. A path for magnetic energy through air
betweeu two objects, such as between core sections
of an iron-core transformer.

Magnetic Field. A region in space surrounding a
magnet or a conductor through which current is
flowing. The space in which appear the maguetic
liues of force around a magnet or an electromagnet.

Line of Force. A path through space between mag-
netic poles along which acts the magnetic force as
shown by lines drawu between the poles on a sketch.
Imaginary lines used for convenience to designate
the directions in which magnetic forces are acting
throughout the magnetic field associated with a per-
manent magnet, electromagnet or current-carrying
conductor.

Permeability. A measure of the ease with which
magnetic flux or magnetic lines of force may be
established in a magnetic circuit. The ratio of the
number of flux lines produced by an electromagnet
coil having a core of iron or steel to the flux produced
by the same coil with no core other than air. The
reciprocal of reluctivity.

e-Turn. A unit of magnetomotive force,
equal to the number of amperes of current multiplied
by the number of turns of a winding in which it flows.
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MAGNETS, COILS, AND INDUCTION

Eddy Currents. Circulating currents induced in con-
ducting materials by varying magnetic fields. They
are undesirable because they represent loss of energy
and cause heating. Eddy currents are kept at-a mini-
mum by eniploying laminated construction for the
iron cores of transformers.

Hysteresis. In the iron or steel of a magnetic cir-
cuit energized by a coil winding, the lag of magnetic
flux behind the rate at which current increases in the
coil, and the lag in reduction of flux behind the rate
at which coil current decreases.

DIRECTION OF MAGNETIC FLUX

With current flowing from left to right in the con-
ductor of Fig. 8-1, magnetic lines of force circle the
conductor in the direction shown; which is clockwise
when looking at the end of the conductor through
which current enters. When grasping a conductor
with yvour right hand so that your thumb lies length-
wise of the conductor, if your thumb points in the
direction of current flow, the tips of your fingers point
in the direction that lines of force circle around the
conductor.

When current flows as shown by Fig. 8-2 in the
turns of a coil which is a helix or the winding of an
electromagnet, magnetic flux through the center of the
coil or in the magnet core is in the direction shown.
When looking toward one end of the coil or core, if
current flows clockwise the flux is flowing away from
you, the south pole is toward you, and the north pole
is away from you. The same general rule applies to
the direction of flux in any magnetic circuit.

Lwmes Or Fonce
Amoune Cowovcren.

)A'A(ﬂ
e e =0

Cunmtuy FLow.

Fig. 8-1
MAGNETIC CIRCUITS

Following are the principal properties of magnetic
circuits, and the units which define the properties and
describe the performance of a magnetic circuit.

Magnetomotive force. The force which causes mag-
netic lines of force, or magnetic flux, to flow around
a magnetic circuit. It is measured in number of am-
pere-turns of the coil in which the force arises. Mag-
netomotive force for a magnetic circuit is similar to
electromotive force for an electric current.
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MAGNETS, COILS, AND INDUCTION

Magnetizing force. This is magnetomotive force per
inch of length of the magnetic circuit; so is ampere-
turns per inch, or is equal to the number of ampere-

Cunnanr.

FuLux.
S N

>— CumngNy, —o=

—~
L O
Fisg. 8-2 :

turus divided by the number of inches of length of
circuit. We might think of magnetizing force, in am-
pere-turns per inch, as similar to volts per inch of
an electric circuit.

Magnetic flux. This is the total number of magnetic
lines of force flowing around a magnetic circuit. The
total flux in a magnetic circuit is in some ways similar
to total current flow in amperes in an electric circuit.

Flux density. Dividing the total number of lines of
force by the number of square inches of cross section
of the magnetic circuit gives the flux density. Flux
density is the number of magnetic lines per square
inch of cross section of iron, air, or other material of
the circuit at the point being considered. For the
same total flux, the density will be greater where the

circuit is of small cross section, and less where the .

cross section is greater.

Permeability. A measure of the ease with which a
material carries magnetic flux; being similar in this
way to the conductance of an electnc circuit,

Permeability is equal to the total flux in number of
lines divided by the total magnetizing force in ampere-
turns.

When permeability is calculated by dividing the
number of lines per square inch cross section by the
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ROUND MAGNET WIRE
Approximate Turns per Linear Inch, Close Wound
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MAGNETS, COILS, AND INDUCTION

number of ampere-turns per inch of circuit length, the
permeability of air is equal to 3.193.

If permeability is calculated by dividing the number
of lines (or the number of maxwells) by the number
of gilberts of magnetizing force, the permeability of
air is 1.0.

The greater the permeability of a material, the
greater will be the magnetic flux for a given magneto-
motive force. :

Reluctivity. A measure of the opposition ot a ma-
terial to flow of magnetic flux through it. Reluctivity
is the reciprocal of permeability, or is equal to 1.0
divided by the permeability.

Reluctivity is equal to the magnetizing force divided
by the flux density; or is equal to the number of
ampere-turns per inch of circuit length divided by the
number of magnetic lines per square inch of cross
section,

Reluctance. A measure of the total opposition of a
nmagnetic circuit to flow of maguetic flux through it.
Reluctance in a magnetic circuit is similar to resist-
ance in an electric circuit.

Reluctance is equal to the magnetomotive force
divided by the magnetic flux, or is equal to the total
number of ampere-turns divided by the total number
of magnetic lines flowing in the circuit.

In addition to the “rational units” or practical units
just explained, magnetic circuit calculations are car-
ried out in C-G-S (centimeter-gram-second) units as
follows:

Magnetomotive force gilberts

Magnetizing force gilberts per centimeter
Magnetic flux maxwells

Flux density maxwells per square centimeter
Reluctivity oersteds per cubic centimeter
Reluctance oersteds

Flux density is measured also in gausses per sq. cm.,

Values in the C-G-S system are changed to equiv-
alent values in the rational system as follows:

gilberts x0.7958 = ampere-turns

maxwells x 1.0 = lines of flux

oersteds x 0.7958 — reluctance, rational units

gausses x6.45 = lines per square inch

INDUCTION
DEFINITIONS

Induction. FElectromagnetic induction is the pro-
duction of an emf or voltage in a conductor which
moves through a magnetic field and cuts across the
lines of force, or when the magnetic field is moved
across the conductor. Magnetic induction is the pro-
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MAGNETS, COILS, AND INDUCTION

duction of magnetisin in a piece of iron or steel by
magnetic lines of force from another magnet.

Self-Induction. The action by which any change of
current, either an increase or a decrease, produces in
the same circuit an electromotive force that opposes
the change.

Mutual Induction. Production of a varyiiig or alter-
nating emf in one circuit by movement across its
conductors of field lines arising in another nearby
circuit in which the current is varying.

Induced Voltage. A voltage produced in a circuit
by changes in the number of magnetic lines of force
which are linking or cutting through the conductors
of the circuit.

Inductance. That property of a coil or of a cir-
cuit which tends to prevent any change in current
flow. Inductance is effective only when varying or
alternating currents are present; it has no effect what-
soever upon the flow of direct current. Inductance is
measured in henrys.

Henry. The practical unit of inductance.

Millihenry. A unit of inductance equal to one thou-
sandth of a henry.

Self-Inductance. The property of a circuit whereby
any change of current flowing in the circuit produces
a counter emf that opposes the change that is taking
place, an emf that tends to prevent an increasing cur-
rent from increasing. and tends to prevent a decreas-
ing current from decreasing. Measured in henrys.
The symbol is L.

Inductor. A coil of wire, with or without an iron
core, which, by its property of scif-inductance, op-
poses changes of current.

Counter Emf. In a circuit containing self-induc-
tance, a voltage produced by changes of current and
which at every instant opposes the change of current
that produces the voltage.

Mutual Inductance. The property of coupled or
adjacent circuits by which each produces in the other
an electromotive force when there is a change of
current in either.

Inductive Reactance. Reactance due to the induc-
tance of a coil or other part in an alternating current
circuit. Inductive reactance is measured in ohms, and
is equal to the inductance in henrys multiplied by the
frequency in cycles, times the number 6.28; inductive
reactance thercfore increases with frequency.

Reactance. The opposition of a circuit or part of a
circuit to flow of alternating current in the circuit or
part; the opposition being due to inductance or capac-
itance, or to both inductance and capacitance, in the
circuit or part. Reactance is measured in ohms. The
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combination of reactance and resistance produces im-
pedance to flow of alternating current.

Reactor. A coil of wire, with or without an iron
core, used to provide inductive reactance in a circuit.

REACTANCE AND IMPEDANCE

Indiictive reactance in ohms is equal to any of the
following:

cycles x henrys x 6.2832

cycles x millihenrys x .006283

kilocycles x millihenrys x 6.2832

The number of cycles is the frequency of the alter-
nating current. The number of henrys is the self-
inductance of the coil or circuit. The number 6.2832
is approximately twice the ratio of the circumference
of a circle to its diameter.

Impedance

When a circuit contains both inductive reactance ’

and resistance, the opposition due to these two is the
impedance in ohms.

Impedance in ohms is equal to the square root of
the sum of the squares of the reactance and resistance,
both in ohms, or

Impedance
in%hms ==y (reactance)® + (resistance)’
3,
NET g §
REACTANCE & =
40MMS g g
£ &
3 3
8 ]
N ) Q
o
IBOMS,l
" RESISTANCE 1

Fig. 8-3 The impedance triangle and how it may be used.

It is possible to determine the approximate im-
pedance when we know the reactance and resistance
by using the “impedance triangle” as shown by
Fig. 8-3.
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MAGNETS, COILS, AND INDUCTION

Draw a right angle, or a square corner. Extend
one side to a length proportional to the resistance in
ohms. Extend the other side to a length proportional
to the reactance in ohms. The distance between the
far ends of the two extended lines is proportional to
the impedance in ohms. This method applies when
the resistance and reactance are in series with each
other if the two are in separate units.

One triangle of Fig. 8-3 is laid out for a resistance
of 3 ohms and a reactance of 4 ohms. The lengths
might be 3 inches and 4 inches; but might alse be
any convenient units, such as quarters or eighths or
hundredths of an inch. The length of the impedance
side of the triangle, measured in the same unit, is the
impedance in ohms.

The same formula, and the same type of impedance
triangle, may be used when the reactance is capacitive
reactance due to capacitance in the circuit, rather than
to inductive reactance.

If the impedance is due to resistance and to both
inductive reactance and capacitive reactance, the value
of reactance to be used either in the formula-or in
the triangle is the difference (in ohms) between the
two kinds of reactance.

SERIES AND PARALLEL INDUCTANCES

The total self-inductance of any number of coils or
self-inductances connected in series with one another
is equal to the sum of their separate self-inductances.
Adding together the numbers of henrys of the separate
self-inductances gives the total inductance in henrys.

The total self-inductance of any number of coils or
self-inductances connected in parallel with one another
is equal to the reciprocal of the sum of the reciprocals
of the separate self-inductances. Self-inductances con-
nected in parallel are calculated just like resistances
in parallel. Consequently, the total henrys of in-
ductance for units in parallel may be calculated in
exactly the same manner as for resistances in parallel.
The method is described in the section on Resistors
and Resistance.

Ohms of inductive reactance are directly propor-
tional to inductances in henrys. Consequently, the
total inductive reactance of any number of inductive
reactances in series is equal to the sum of the separate
reactances. The total inductive reactance of inductive
reactances in parallel is equal to the reciprocal of the
sum of the reciprocals of the separate reactances, and
may be calculated in the same manner as for resist-
ances in parallel.
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DIRECTIONS OF FLUX, MOTION,
AND CURRENT

When a conductor is moved through a magnetic
field there is induced in the conductor an emf and,
if the conductor is part of a closed circuit, a current,
whose direction in the conductor depends on the
relative directions of motion and field flux. The rule
for direction of induced emf and current is as follows.
See Fig. 8-4.

GENERATOR - Right Hand

Fig. 8-4

Extend the thumb, forefinger and middle finger of
the right hand so that they are at right angles. each
to the other two. When the forefinger points in the
direction of magnetic flux (north pole to south pole),
and the thumb points in the direction of conductor
motion, the middle finger points in the direction of in-
duced emf and current in the conductor. This rule is
called Fleming’s right-hand rule, or the generator rule.

When a current-carrying conductor is in a magnetic
field the conductor is moved through the field in a
direction depending on the relative directions of field
flux and of current in the conductor. The rule for
digection of conductor motion is as follows. See Fig.
8.5.

MOTOR - Left Hand
Fig. 8-8
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Extend the thumb, forefinger and middle finger of
the left hand so that they are at right angles, each to
the others. When the forefinger points in the direc-
tion of flux (north pole to south pole), and the middle
finger in the direction of current through the con-
ductor, the thumb points in’ the direction that the
conductor is moved. This rule is called Fleming's
left-hand rule, or the motor rule,

Note that in both rules the thumb points in the
direction of motion, the forefinger in the direction of
flux, and the middle finger in the direction of current.

-

OHM’S LAW
The strength of the eurrent in any circuil is
directly proportional lo the clectromatite force in
that circuil and inversely propor!wnal to the
resistance of that circuit, i.c.. is equal lo the
quolienl arising from lelml the electromotive
Jorce by the resistance.
Let E=clectromotive force in volts
R =resistance in ohms
I=strength of current in amperes

E E
== R==—. E=IR
Then 1 R.R 7

The ohm, ampcre, and volt arc dchined in
terms of one another as follows: Ohm, the
resistance of a conductor through which a
current of | ampere will pass when the clectro-
motive force is | volt. Ampere, the quantity of
current which will flow through a resistance of
1 ohm when the electromotive force is | volt.
Volt, the electromotive force required to cause
I ampere to flow through a resistance of | ohm.
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Section 9

CAPACITORS AND CAPACITANCE
DEFINITIONS

Charge. A quantity of electricity held on an in-
sulated object. The electrical energy stored in a con-
denser. When an object has more electrons than nor-
mal, it has a negative charge. When an object has
fewer electrons than normal, it has a positive charge.

Negative Charge. The electrical condition of a body
on which are more than the normal quantities of
negative electrons, so that the body has more negative
electricity than has an uncharged or neutral body.

Positive Charge. The electrical condition of a body
which has less than the normal quantity of negative
electrons, so that the body has less negative electricity
than one which is uncharged or is neutral.

Electric Field. A region in space surrounding a
charged object. Lines drawn to represent the direc-
tion in which the electric field will act on other
charged objects are called electric lines of force. A
moving electric field, such as that associated with
electrons in motion or with a radio wave, is always
accompanied by a moving magnetic field. The space
between two opposite electric charges, in which ap-
pear electrostatic lines of force.

Electrostatic. I’ertaining to electric charges, to
capacitors, to electric fields and lines of electric force,
and to anything having to do with electricity at rest.

Capacitance. The ability to receive and retain an
electric charge. Permittance. The symbol is C. The
clectrical size of a capacitor, determining the amount
of electrical energy, which can be stored by a given
voltage. Capacitance is measured in farads, micro-
farads (mfd.) and micro-microfarads (mmfd.); 1 mfd.
is equal to 1.000.000 mmfd.

Capacity. A name sometimes applied to capacitance.

Farad. The basic unit of capacitance, but too large
for practical use. The microfarad, equal to one mil-
lionth of a farad. is a more practical unit. An even
smaller unit, the micro-microfarad, is equal to one
millionth of a microfarad.

Microfarad. A unit of capacitance equal to one mil-
lionth of a farad. The microfarad is the capacity unit
most commonly used. It is abbreviated as mfd.

Micro-Microfarad. A unit of capacitance equal to
one millionth of a microfarad, and abbreviated as
mmfd.

Distributed Capacitance. Capacitance distributed be-
tween conducting elements such as wires, as distin-
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CAPACITORS AND CAPACITANCE

guished from capacitance concentrated in a capacitor.
Usually used to specify the small capacitance existing
between the turns of wire in a coil,

Capacitor. Two conducting surfaces separated from
each other by an insulating material such as air, oil,
paper, glass or mica. A capacitor is capable of storing
electrical energy. Capacitors are used to block the
flow of direct current while allowing alternating cur-
rents to pass. The electrical size or capacitance of a
capacitor is specified in microfarads and micro-micro-
farads.

Condenser. A name sometimes applied to a capac-
itor.

Fixed Capacitor. A capacitor having a definite
capacitance value which cannot be adjusted.

Paper Capacitor. A fixed capacitor employing foil
plates separated by paraffined or oiled paper.

Mica Capacitor. A capacitor which employs sheets
of mica as the dielectric material which insulates ad-
jacent plates from each other.

Electrolytic Capacitor. A fixed capacitor in which
the dielectric is a thin film of gas formed on the sur-
face of one aluminum electrode by a liquid or paste
electrolyte.

Dry Electrolytic Capacitor. An electrolytic capacitor
in which the electrolyte is a paste rather than a
liquid, to permit using the condenser in any position
without danger of the electrolyte leaking out.

DIELECTRIC CONSTANTS

Air 1.0
Celluloid 7 tol0
Fibre, vulcanized 5 to 8
Glass 4 toll
Insulation molded, phenolic base 5 to 7.5
Insulation, molded, shellac base 4 to 7
Marble 9 tol2
Mica 4 to 8
Oil, castor 4.7

Oil, cottonseed 3.1

Oil, transformer 2.5
Paper, dry 1.5t0 3
Paper, treated, waxed 2.5to 4.0
Porcelain, unglazed 5 to 7
Rubber, hard 2 to 4
Shellac 3 to 3.7
Silk 4.6
Sulphur 3.0to 4.2
Water, distilled 81

Wax, hee’s 3.2

Wax, paraffin 2 to 3
Wood, dry, maple 30to 4.5
Wood, dry. oak 3 to 6
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Filter Capacitor. A capacitor used in a filter Sys-
teimn to permit passage of higher-frequency currents
while limiting or blocking the flow of lower-frequency
currents and direct current.

Voltage Rating of a Capacitor. The maximum sus-
tained voltage which can safely be applied across the
terminals of a capacitor without causing breakdown
of the insulation between condenser plates.

Dielectric Constant. The dielectric constant of a
material is the ratio of the capacitance of a capacitor
using that material as its dielectric to the capacitance
of a capacitor otherwise similar but having air or a
vacuum for the dielectric. The increase of capacitance
caused by using the material instead of air for the
dielectric.

Capacitive Reactance. The effect of capacitance in
opposing the flow of alternating or pulsating current.
The reactance which a condenser offers to a.c. or pul-
sating d.c. It is measured in ohms, and decreases as
frequency and capacity are increased.

CAPACITIVE REACTANCE

Capacitive reactance in ohms is equal to either of
the following:

159155

cycles x microfarads

159154600
kilocycles x micro-microfarads

1
6.2832 x cycles x farads

The number of cycles is the frequency of the alter-
nating current or voltage. Microfarads, micro-micro-
farads, or farads are the capacitances.

The values of impedance due to capacitive reactance
and resistance see under “Reactance and Impedance”
in the section on Magnets, Coils and Induction.

SERIES AND PARALLEL CAPACITANCES

The total capacitance of any number of capacitances
connected in series with one another is equal to the
reciprocal of the sum of the reciprocals of the sep-
arate capacitances. Consequently, the total micro-
farads or other capacitance units for capacitances in
series may be calculated in the same manner as for
resistances in parallel. The method is described in
the section on Resistors and Resistance.

The combined capacitance of two capacitances:con-
nected in series is equal to their product divided by
their sum. That is,
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Combined __ 1st capacitance x 2nd capacitance
capacitance ~  1st capacitance + Znd capacitance

The total capacitance of any number of capacitances
counected in parallel with one another is equal to
the sum of the separate capacitances.

When calculating total or combined capacitances,
all the separate capacitances must be given in the
same unit. All must be either in farads, microfarads,
or in micro-microfarads.

Capacitive reactances in ohms are treated exactly
the same as resistances in ohms. That is, the total
capacitive reactance of any number of capacitive re-
actances in series is equal to the sum of the separate
reactances in ohms. Then, following the same rule
that applies to resistances, the total capacitive re-
actance of any number of capacitive reactances con-
nected in parallel is equal to the reciprocal of the sum
of the reciprocals of the separate reactances.

Note that reactances, whether capacitive or induc-
tive, are handled just like resistances when combined
in serics or in parallel. However, as explained above,
paralleled capacitances (microfarads, etc.) are added
like series resistances, while series capacitances are
handled like parallel resistances. It makes a difference
whether the problem involves capacitances or the
reactances which they cause.

CAPACITANCE OF A CAPACITOR

The approximate capacitance of any capacitor may
be found from this formula:

_ x
e 4444 x D
. Area in square inches of one side of one plate,
assuming that all plates are of same size.
Capacitance in micro-microfarads.
. Distance in inches between plates, or thickness
of the dielectric.

. Diclectric constant of material between the plates.
. Total number of plates minus 1. In a 2-plate ca-
pacitor N == 1, in a 7-plate capacitor N = 6, etc.
Example: What is the capacitance of a capacitor
having 22 plates, each 3 inches square, with dielectric
material 0.005 inch thick whose dielectric constant is

6°

Plates 3 inches square have an area on one side of
3 x 3, or 9 square inches, which is the value of A.
The total number of plates minus 1 is 22—1, or is
21, which is the .value of N. Placing ‘the values in
the formula gives,

C=_9x6x21 = 1134 _
3.444 x 0.005 002222 51035 mmfd.

J
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The capacitance is about 50,000 mmfd. or is about
0.05 mfd.

TESTING OF CAPACITORS

Capacitors of either the paper type or the electro-
Iytic type may be tested for open circuits, short cir-
cuits, loss of capacitance, and excessive leakage with
the instrument whose circuit diagram is shown by
Fig. 9-1

S¢c J-Jou CHOKE
8MrFD
16,000 OHMS
"o
AC. J
650 E
| M.A,
(=

B— -

NEON LAMP
2 WATTS

A+

Fig. 9-1

The tester includes a transformer with two secon-
dary windings, one a high-voltage winding and the
other a low voltage winding for the heater or filament
of a full-wave rectifier tube. To the rectifier output
is connected a filter consisting of an 8-mfd. capacitor
and a 30-henry filter choke such as used in radio
power supplies. Across the filter output is a 16,000,-
ohm voltage divider or potentiometer. In one of the
negative leads is an 0-100 milliampere meter, and in
the other is a small neon lamp. To use the tester
proceed as follows:

Connect capacitor across leads A and B; if neon
lamp does not flash, capacitor is open; if lamp glows
continuously, capacitor is shorted. Allow unit to re-
main connected for a minute and watch neon lamp;
if it flashes frequently, capacitor is leaky. This leak-
age test applies to paper capacitor only. As electrolytic
capacitors draw a small leakage current continuously,
tests with a neon lamp are valueless; therefore, a
meter is used. Comnnect electrolytic capacitor unit to
leads A and C and read meter. if current exceeds ¥4
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CAPACITORS AND CAPACITANCE

milliampere per microfarad of rated capacity, the
capacitor is leaky. If leakage current is very small,
capacitor is probably dried out. Any capacitor giving
abnormal readings should be replaced in order to
secure proper starting torque of the motor, and to
prevent damage to the motor due to failure to start
if the capacitor is defective.

TESTING ELECTROLYTIC CAPACITORS

The approved procedure for testing the electrolytic
capacitor used with capacitor type motors illustrates
the direct and simiple character of the checks em-
ployed in the field, and shows what may be done to
positively check an electrical device with very little
cquipment. The complete check may be divided into
tests for capacity, shorts, opens, and grounds.

Determination of the capacity is effected by dis-
connecting all leads and then arranging the capacitor
across the circuit with a. suitably fused ammeter in
series. On a 60—<cycle circuit the capacitance in micro-
farads is obtainable from the formula.

C — 2650 x Amperes
Volts.

Should the capacitance prove to be considerably
below the rated value marked on the case, the capac-
itar should be replaced. Capacitors may exceed rated
value by 40% without indicating a defect.

The same connection may be used to test for opens.
If the ammeter does not read, the capacitor is open.
To test for shorts, apply rated voltage and fregnency
., to capacitor with a fuse in series; if fuse blows, the
capacitor is shorted. A 10-ampere fuse will be suit-
able for testing any 110-volt capacitor of 150 micro-
farads capacitance or less.

To test for grounds apply 110-volts between one
capacitor terminal and the case with a fuse in series;
if the fuse blows, capacitor is grounded. Sometimes
small sparks may be observed between the line wire
and the metal container when the circuit is broken.
This action is dne to leakage current through the
electrolyte and does not indicate a defect. If the
capacitor is grounded, the fuse will blow.

Thus with the aid of nothing miore than a fnse,
the electrolytic capacitor may be checked for every
possible fault except low capacity—without removing
it from the machine. For capacity readings, a low
reading ammeter—about 0-1 ampere—shonld be nsed.
With this meager equipment capacitors may be
checked quickly. positively, and completely.
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Section 10
" POWER
DEFINITIONS

Power. The rate at which electrical energy is de-
!i\'ered and consumed. Electrical power is measured
in watts.

Energy The ability to do work, or to cause move-
ment against an opposing force when utilized in suit-
able equipment. Energy exists in bodies that are in
motion, in bodies such as springs that are in a strained
position, in electromotive force, in cbemicals, and in
heat. Energy existing in one form may be changed
to energy existing in other forms; as when chemical
energy in a battery changes to electromotive force.

Work. A force multiplied by the distance through
which it causes a mass or weight to move. If a force
of one pound causes a movement of one foot, the
work done is equal to one foot-pound, this being one
of the units in which work may be measured. Work
is the result of a force acting against some form of
opposition to motion. It is measured as the product of
the force and the distance through which it acts.

Watt. The practical unit of electric power. In a
direct-current circuit the expended power in watts is
egual to the number of volts applied to the circuit
n:ultiplied by the number of amperes flowing in the
circuit due to the applied voltage. In an alternating-
current circuit the watts of power consumed are
equal to the number of applied volts multiplied by
the nuinber of amperes of current, and multiplied by
the power factor. Except in an alternating-current
circuit containing no appreciable inductance or capac-
itance, or containing only resistance, the watts of
power will be less than the volt-amperes.

Kilowatt. One thousand watts.

Joule. A umit of electrical energy or of work, equal
to the energy transferred by a power rate of one
watt continuing for one second. The work done by
sending one ampere of electricity through a resist-
ance of one ohm for one second.

Efficiency. The ratio of energy output to energy
input. usually expressed as a percentage. A perfect
electrical device would have an efficiency of 100%.

POWER FORMULAS
Letters and abbreviations used in the following
formulas have these meanings:

1 Current, in amperes.
E  Potential difference, in volts.
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R Resistance, in ohms.

P Power, in watts.

kw Power, in kilowatts.

va Apparent power, in volt-amperes. Volt-amperes
are equal to the number of volts multiplied by
the number of amperes. In circuits containing
inductance or capacitance the power in volt-am-
peres usually is less than the power in watts.
Volt-amperes of power multiplied by the power
factor equal watts of power.

kva Apparent power, in kilovolt-amperes.

hp Output power, in number of horsepower.

eff Efficiency, as a decimal fraction, not as a per-
centage. For example, efficiency of 85% is ef-
ficiency of 0.85.

PF Power factor, as a decimal fraction, not as a
percentage. Power factor is the fraction of the
apparent power, in volt-amperes, that becomes
useful power, measured in watts.

Direct-current Circuits
E P 1000 x kw

= < = e AVVU XV
R I= ¥ L E

I = / 113{ - 746 x h

E xeff
E=IxR E=F E=V RxP
T
R _E P 5
I R=y 7
: ]
P=EXI P=.I;:r P=stR
2
kw = ExJ = - I
1000 kw = [000x R <% = 1000
Rp.As IxE xeff
> 746
Single-phase A-c Circuits
— % I = 1000 x kva
- —E

l——P_ —1000xkw

Ex PF E x PF
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_ _746xh
I_E'xPdef
P °

E=TxPF
== k =EXIXPF
P=ExIxPF w T
va=T1xE kva= IxE

1000

hp = IxExPFxeff

746
Pr = ¥y

Three-phase A-c Circuits

= va —
I"‘ 173)(?‘ I‘_._S.le_k!il

S E
£ k
I=T7xExpr 1 =-F25¢
— . 431xh
I=ExPrxer
s va - P
hall AT § E= o Topr

P=173xExIxP — 173xExIxPF
xExIxPF kw 1000

va=lL73xExI kva = %
— ExIxPF xeff

» 431

il 1.73xEx1I et ExI

Two-phase A-c Circuirs

- P — 500xk
: 2x E x PF I'—"‘_—XE_VL
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— B — 500 x kw

I=7xE I="EXPF
9

= 373xhp

l= pxPFxecff

In the common conductor of a 3-wire 2-phase cir-
cuit the current in amperes is equal to 1.41 times
that calculated from any of the above formulas.

- P 500 x kw
E= 5x1xpF E="1pF
E=_2%r E — SOOkava

In a 3-wire 2-phase circuit the voltage hetween cither
of the outer conductors and the common conductor
is equal to 0.707 times the voltage between the two
outers.

The voltage between the two outers is equal to 1.41
times that between cither outer and the common.

P=2xExIxPF kw = ExIxPF

500
va=2xExI kva = ES(,)(OI
hp-::EX—IXSIT?_Xﬁ
PF = KPW PF — SOO:kw

Power transmitted by shafting.

__ torque, foot-lhs. x speed, rpm,
hp = £ —

t e, ft.-Ibs, = _5250 x hp
orau s speed. rpmm

Power measured by prony brake.

hp = 2 x 3.1416 x rpm x force. Ibs. x lever length, ft.

hp = IPmx force, Ibs. x lever length, ft.
5250
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rpm, speed of pulley or shaft, revs. per minute.

force, lbs., exerted on scale.

lever length, ft., from pulley or shaft center to point
of contact on scale.

Power to drive a pump.

hp = gals.gmr min. x total head, in feet
960 x efficiency of pump

efficiency usually is 0.50 to 0.85.

Power to drive a fan.

h cu, ft, air per min. x pressure, in_of water
P = = -
6330 x efficiency of fan

centrifugal fan efficiency usually 0.50 to 0.70.
propellor fan efficiency as low as 0.35
horsepower varies as the cube of the fan speed.

Power to operate an elevator.

hp = lbs. of unbalanced load x speed, ft. per min.
.000 x ethciency

efficiency usually about 0.50.

Power to hoist any load,

hp = Wweight, lbs. x ft. per min. x sine of angle

Dsagcrion or PM
HoisTing.

Sin Anert O'O—P

Fig. 10-1
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The angle is that between the line of hoisting and a
horizontal line, as in Fig. 10-1. The sine of any angle
may be found by laying out the angle to any con-
venient scale, measuring the distances O-P and P-M,
then dividing P-M by O-P. For example, if O-P
measures 8 inches and P-M measures 7 inches, the
sine of the angle is equal to 7 divided by 8, or to 0.875.
If the angle is known in degrees, the sine may be
found from a table of natural sines. For vertical hoist-
ing the angle with the horizontal is 90° and its sine is
1.0, and the formula becomes weight times fcet per
minute divided by 33,000,

Power ot a waterfall

hp = 02 x section x velacity x head
hp = section x velocity x head
532

Section is cross section in square feet of the stream of
water flowing,

Velocity 1s the speed of flow in feet per minute.

Head is the height of the fall in feet.

POWER AND ENERGY CONVERSION UNITS

Equivalent values of kilowatts, kilowatt-hours, horse
power, and horsepower-hours in other units,

Kilowatts Horsepower
Kilowatt- Horsepower
Hours —Hours
Watts 1000 745.7
Watt-hours 1000
Kilowatt-Hours N 0.7457
Horsepower 1.341
Horsepower-hours 1.341
Foot-pounds 2655200 1980000
Ft.-lbs. per minute 44,254 33000
Ft.-Ibs. per second 737.56 550
Btu's 3415 2546.5
Btu's per hour 3415 2546.5
Btu's per minute 56.92 42.44
Lbs. water evaporated
at 212° 3.52 2.62
Lbs. per hour 3.52 2.62
Kilogram-meters 367100
Joules 3600000 273740
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METERS AND MEASUREMENTS
DEFINITIONS

Ammeter. An instrument used for measuring the
current flow in amperes in a circuit.

Shunt. A resistor placed across the terminals of an
ammeter to allow a definite part of the circuit current
to go around the meter,

Milliammeter. A measuring instrument which meas-
ures current flow in milliamperes.

Voltmeter. An instrument for measuring differences
of potential or voltage and indicating the differences
directly in a number of volts on its scale.

Multiplier. A resistor used in series with a volt-
meter to increase the range of the meter.

Voltammeter. A voltmeter and an ammeter in a
single case, or sometimes an instrument for measur-
ing watts (volts x amperes) in a direct-current circuit.

Ohmmeter. A test instrument which measures and
indicates directly the resistance of a part or the re-
sistance of a part or the resistance between any two
points in a circuit. It consists essentially of a milliam-
meter in series with a suitable d.c. voltage and suit-
able series or shunt resistors.

Wattmeter. A meter for measuring and indicating
directly in watts on its scale the power being con-
sumed in a circnit or in equipment to which the watt-
meter is connected.

Moving Coil Meter. A current-actnated electric
meter consisting of a permanent magnet between the
poles of which is suspended a wire coil through which
flows all or part of the current to be measured. The
coil is mounted between end bearings and to it is at-
tached the indicating pointer. The coil and pointer
are moved by reaction between the magnetic fields
of the permanent magnet and of the current-carrying
coil.

Rectifier Meter. A moving coil direct-current meter
cquipped with a rectifier which changes alternating
current or voltage to be measured into direct current
or voltage which will operate the meter and cause it
to indicate.

Thermocouple Meter. A moving coil meter equip-
ped with a thermocouple heated by alternating current
to be measured and producing a direct current that
actuates the meter.

Hot Wire Meter. A current-indicating meter whose
pointer is allowed to move across the dial when a wire
inside the meter is heated and expanded by the meas-
ured current flowing through this wire.
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Sensitivity. In electrical measuring instruments, a
measure of the current, voltage or power required to
operate the meter itself and to cause its indicator to
move. The less the required power the higher is the
sensitivity.

Ohms-Per-Volt. A sensitivity rating for meters. It
is obtained by dividing the resistance in ohms of any
meter range by the full scale voltage reading of the
meter at that range. The higher the ohms-per-volt
rating, the more sensitive is the meter.

Wheatstone Bridge. An instrument that allows cal-
culation of values of resistance, inductance or capaci-
tance in parts of circuits connected into the bridge cir-
cuit; the calculation involving one ratio of resistances
which are adjustable in the bridge circuit, and another
ratio in which one value is known and the other is the
value of the unknown resistance, inductance or capag-
itance. When adjustments make the two ratios equal
the bridge is said to be balanced, and the condition of
balance may be indicated by a galvanometer or other
current-sensitive device.

Oscillograph. A test instrument which records
photographically the wave form of a varying current
or voltage.

Oscilloscope. A test instrument which shows visu-
ally on a screen the wave form of a varying current or
voltage.

METER CONSTRUCTION AND
CONNECTIONS

The construction of a moving coil meter is shown
by Fig. 11-1. For use as a voltmeter there is connected
in. series with the moving coil winding a resistor in-
dicated by the broken-line coil. An additional multi-
plier resistor may be connected in series with the me-
ter, external to the housing.

For use as a current-measuring instrument, am-
meter or milliammeter, the moving coil terminals are
connected to the ends of a shunt resistor which may be
inside the meter case or mounted externally, or there
may be an external shunt in addition to an internal
one.

Voltmeters always are connected to the two points
between which a potential difference is to be meas-
ured. This connection would be across the terminals
of a source or a load, or across a line, as indicated at
A in Fig. 11-2.

An ammeter or its shunt, or any other current-
measuring instrument, is connected in series with the
path in which current flow is to be measured, as in-
dicated at B in Fig. 11-2. For connection of a current-
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measuring instrument it is necessary to open the cir-
cuit whose current is to be measured, then to com-
plete the circuit through the meter or the shunt.

MULTIPLIERS FOR VOLTMETERS

Many voltmeters and ammeters are made with a
standard moving coil having a resistance of 2% ohms
and designed to give full scale deflection of the pointer
with a current of 20 milliamperes, or .020 amperes.

TO LOWER SPRING

Fig. 11-1

V.M

Fig. 11-2
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According to Ohm's Law, IxR = E, or .020 I x2.5

= .050E, or 50 milivolts drop, or pressure applied
to force full scale current through this coil. A coil
having 214 ohms for a 50 millivolt reading would be
on a bhasis of 50 ohms per volt, as one volt or 1,000
myv. > 50 mv. = 20, and 20x 2.5 = 50.

e

14997 SR

=, 1

Fig. 11-3
.

Now if we wish to use this 50 m.v. meter to measure
100 m.v., or double the present voltage rating, we
should simply double the resistance of the meter cir-
cuit or add 2% ohms more resistance in series with
the 2v4 ohm moving coil. Then 2% 4 21 = 5 ohms
total resistance, which when connected across a 100
m.v, circuit would draw .100 =~ 5 or 020 amiperes and
again give full scale deflection. If we now remark or
recalibrate the scale for 100 m.v., we have doubled
the range of the meter.

You can readily sce that if the 214 ohm coil were
connected on a circuit of double its rated voltage
without increasing the resistance, the coil would re-
ccive double current and be burned out. Therefore,
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in changing voltmeter resistances to adapt the meter
for correct readings of higher voltage values, we
simply use the following formula to determine the cor-
rect resistors to use in series with the meter coil:

Desired voltage range __ Total resistance
Full scale meter coil current — for meter circuit

Then by subtracting the résistance of the moving
coil from this total resistance we can determine the
amount of extra resistance to use in series for the
higher readings. For example, suppose we wish to
adapt this same meter element for a full scale read-
ing of 150 volts, and for safe use on a 150 volt circuit.

Then _3_;’% = 7500 R. for total resistance

Then 7500 — 2.5 = 7497.5 ohms of additional re-
sistance to be used.

Line

Fig. 11-4
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METERS AND MEASUREMENTS

If we wish to use the same meter for dual service
or 150 and 300 volt circuits, we can arrange another
resistor of 14997.5 ohms as shown in Fig. 11-3. Then
by connecting the wires of the circuits to he tested
to the proper terminals or resistors we can measurc
either voltage. Some multiple range meters have these
extra resistors located inside the case and connccted
to proper terminals. These meters may also have the
scale marked for 3 or more voltage ranges.

SHUNTS FOR AMMETERS

Ammeters may be adapted to measure various
ranges of current by changing the resistance of the
shunts which are used with this same standard meter
element and 2% ohm moving coil. Using only the
meter coil without any shunt the instrument’s capacity
and full scale reading would be only 20 milliamperes.
If we wish to change it to measure current up to 100
M.A. or 5 times its former rating, we would place i
parallel with the moving coil a shunt having a resist-
ance one-fourth that of the coil or, 2.5:4 = 625
ohms resistance for the shunt.

With this shunt connected in parallel with the me-
ter as shown in Fig. 11-4, the current will divide in
inverse proportion to the resistance of the two paral-
lel paths, and 4/5 of the current, or 80 M.A, will pass
through the shunt, while 1/5 of the current, or 20
M_A. will pass through the meter coil.

When making such changes for scale recadings of
2 amperes or less, we should determine the shunt
resistance according to the desired division of cur-
rent between the mieter coil and the shunt, as we
have just done in the foregoing problem. This is due
to the fact that in order to obtain readings which are
accurate at least within one per cent on such small
current loads, we must consider the amount of cur-
rent which flows through the meter clement. How-
ever, for changes over 2 amperes the following simple
formula can be used to determine the shunt resis-
tance:

Voltage rating of meter coil

Desired current capacity . Resistance of shunt.

T'hen if we want to change this same type of meter
with the 50 millivolt coil to measure currents up to
10 amperes at full scale reading,

%5% = 005 ohm shunt

to be used in parallel with the meter clement. Note
that the shunt resistance is 1/500 of the ‘meter coil
resistance, and the meter coil current of .020 is 1/500
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of the new full scale current of 10 amperes. If we de-
sire to change this type of meter to read 200 amperes,
then,

% == 00025 ohm shunt.

POWER MEASUREMENTS FOR
ALTERNATING-CURRENT CIRCUITS

Voltmeters and the potential elements of wattmeters
always must be connected across the line, as at A in
Fig. 11-2, while ammeters and the current elements of
wattmeters always must be connected in series with
the line, as at B. Otherwise the results will be failure
to obtain measurements, destruction of the measuring
instruments, or damage to other equipment.

The internal connections of one type of wattmeter
are shown by Fig. 11-5, and those for a dynamometer
type adapted to alternating-current measurements are
shown by Fig. 11-6.

Single-phase Circuits

Fig. 11-6 shows the proper connections for a volt-
meter, an ammeter, and a wattmeter in a single-phase
circuit. Note that the voltmeter and potential coil
of the wattmeter are both connected across the line;
and that the ammeter and the current coil of the watt-
nleter are both connected in series with the line.

It does not matter in which side of the line the am-
meter and wattmeter are connected. as all the cur-
rent to the motor must flow through each line wire,
and correct total readings can bhe obtained from either
wire.

The wattineter can be used with the voltmeter and
ammeter to deterntine the power factor of the ma-
chine. The wattmeter will read the true power, and
the product of the voltmeter and ammeter readings
will give the apparent power. Then, dividing the true
power by apparent power will give the power factor.

High-voltage Circuits

Fig. 11-7 shows the meters and connections for
measuring the voltage, current, and power of a high-
voltage circuit, where instrument transformers arc
used.

Special transformers are used to reduce the voltage
and current at the meters to a definite fraction of the
voltage and current on the line. These transformers
are called current transformers and potential trans-
formers, and are designed to imaintain on their sec-
ondaries a fixed ratio of the voltage or current on
their primaries. The meters used with such trans-
formers can, thercfore, be calibrated to read the full
voltage, current, or power on the line,
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The potential transformer, on the left in Fig 11-8,
has its primary winding connected across the line, and
its secondary supplies both the voltmeter and the
potential coil of the wattmeter, which are connected
in parallel.

-

!

u\""\"""'u'm‘"‘"[ “"M/””/

Potemtial
Element

5 ose==d)

Load

Resistance

—

Fig. 11-5

The current transforimer on the right has its primary
coil connected in series with the line, and its second-
ary supplies both the ammeter and the current coil
of the wattmeter, which are connected in series.

You will note that the secondaries of both trans-
formers are grounded, to prevent damage to instru-
ments and danger to operators in case the insulation
between the high-voltage primary and the low-voltage
secondary coils should fail.

The potential transformer is equipped with fuses-
in its primary leads.

Never disconnect an ammeter from a current trans-
former without first short-circuiting the secondary
coil of the transformer.

Three-phase Circuits,
Current Measurements
Fig. 11-9 shows a three-phase motor with an am-
meter connected in one of its phase wires to measure
the currect. If the motor is operating properly, the
current should be very nearly the same, or balanced
in all three phases.
Where the current of a three-phase system is known
to he balanced at all tinies, one ammieter permanently
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connected in any phase is all that is required to deter-
mine the current.

It is well, however, to occasionally test all three
phases with a portable ammeter, to locate any possible
unbalance which may occur due to faulty machine
windings; or to locate unbalance which may occur on
main wires by connecting more single-phase equip-~
ment on some one phase than on another.
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Line
Fig. 11.6
- (O)
Lime
oo :
Fig. 11-7

Three-phase Circuits,

Voltage Measurements
Fig. 11-10 shows the method of connecting a volt-
meter to indicate the voltage of a three-phase system
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or motor. The voltmeter can be connected hetween
any two of the three wires. and should show approxi-
mately the same reading on all phases.

Line L To Load

F [

| @ &

Fig. 11-8

Load

Lime

(@

T

Fig. 11.9
Slight variations of voltage hetween the various
phases generally do no harm, but if the voltmeter
shows widely varying readings when connected first
at X, then at Y, and then at_Z, it indicates that the
circuit is probablv unbalanced.

Three-phase Circuits,
Power Measurements
For measuring the power of three-phase circuits,
either single-phase or polyphase wattmeters can be
used. The readings of single-phase wattimeters can
be totalled to obtain the three-phase power, while a
three-phase wattineter will read directly the true power
of all three phases.
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Where single-phase wattineters are used, the two
wattmeter method shown in Fig. 11-11 is very com-
monly applied. ]

Line Load

2

ey

s

Fig. 11-11

In order to obtain correct results with the two
meters, it is necessary to test them to make sure that
corresponding coil leads are brought out to the same
meter terminals; or, if they are not, to get them cor-
rectly marked so that the meters can be connected
properly to the thrce-phase wires to get the right po-
larity of the meter coils.

To test the meters, connect them both to a single-
phase circuit, or to the same phase of a three-phase
circuit, as shown in Fig. 11-12 at A. Make sure that
there is some load on the circuit to enable the meters
to show a reading.

If both meters give the same indication with their
pointers moving across the scale in the right direc-
tion, then carefully mark or tag the terminal of the
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potential coil and the terminal of the current coil

which are connected together and to the line.

this figure these leads are each shown marked with

an “X”

Line

Load

Lime

]

»

Fig. 1112

Lim

I

1

Load

oy

If one of the meters reads “backwards” when con-
nected as shown in Fig. 11-12 at A, the potential coil
leads should be reversed as shown at B. The meter
should then read “forward™; that is, its pointer should
swing to the right across the scale. The terminals or

Fig. 11-13

leads should then be marked as shown,
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With the two meters now connected to the three-
phase circuit as shown in Fig. 11-11 and with the
proper terminals connected together and to the lines,
the meter readings will be called “positive” readings.
The sum of the two meter readings will be the total
three-phase power of the circuit. If the meters are
properly connected as shown in Fig. 11-11 and the
pointer of one meter attempts to swing backwards,
or below zero, the potential leads of that meter should
be reversed, as shown on meter No. 2 in Fig. 11-13.
Its reading is then called “negative,” and should be
subtracted from that of the positive meter to get the
three-phase power.

Fig. 11-14 shows the connections for the “two watt-
meter method” of measuring three-phase power on
high-voltage circuits where instrument transformers
are used.

Separate potential transformers supply the voltage
from the two phases to the potential elements of the
wattmeters. Separate current transformers supply the
proportional current from the two phases to the cur-
rent elements of the two wattieters.

The same procedure of marking the potential and
current coil leads and checking the positive or nega-
tive readings is followed in this case as when no in-
strument transformers are used.

Fig. 11-15 shows three wattmeters used to measure
the total power of a three-phase system.

With this connection we use a “Y box” which con-
sists of three separate resistances, connected together
at one end to form a star connection and provide a
neutral point to which one end of each wattmeter
potential coil is connected.

When connected in this way, each wattmeter meas-
ures only the power of the phase in which it is con-
nected, and the total power will be the sum of the
three meter readings.

For example, if meter No. 1 reads 14,000 watts,
meter No. 2 reads 16,000 watts, and meter No. 3 reads
17,000 watts; the total power will be 47,000 watts.

Wattmeters connected in this manner will always
read “positive” regardless of the power factor.

T his makes the method very simple and reliable and
one which is very commonly used on large power
circuits, where very accurate readings are important
and all chance of error should be avoided.

For measuring the total power of a three-phase,
four-wire system, the connections shown in Fig. 11-16
are used. In these systems the neutral wire is already
provided by the fourth wire which is connected to
the star point of the windings of the alternator or at
the transformer conmnections, and therefor no Y box
is needed.
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METERS AND MEASUREMENTS

The total power of the three-phase, four-wire sys-
tem thus measured will be the sum of the three meter
readings.

LINE r 1@%‘0’\ LOAD

x
-
Fig. 11-14
5
{s '
A
LINE LOAD
x
f_‘ 2
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»
AR il
N
Y Box
iy |
N
Fig. 11-15

TESTING KILOWATT-HOUR METERS

Kilowatt-hour meters can be tested for accuracy,
or calibrated, by comparison with standard portable
test instruments.

A known load consisting of a resistance box can be
comnected to the load terminals of the meter when
all other load is off. Then, by counting the revolu-
tions per min. of the disk and comparing this number
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with the revolutions made by the disk of a “rotating
standard” test instrument, the acciliracy of the meter
can be determined.

PHASE A f_@—
A\l
LOAD
e
ALTERNATOR
PHASE C r@
A\
NEUTRAL
Fig. 11-16 o
5R 21
L 4
+ =
10E€
1 o Y4
A
5K sm
* ® =
10E
1 X
B
Fig. 1117

When no standard load box or test instrument is
available, a test can be conveniently made with a
known load of several lamips or some device of which
the wattage is known.
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For this test the following formula should be used:

Kx3600xT _ geconds
P

In which:

K = the watt-hour constant marked on the meter
disk.

3600 = number of seconds in an hour.

T = any chosen number of revolutions of the disk.

P = known load in watts which is connected to the
mieter.

LY

Fig. 11-18

For example, suppose we wish to test a meter which
has a constant of .6, marked on its disk. We can con-
nect a new 200-watt lamp, or two 100-watt lamps
across the load terminals of the meter, after all other
load has been disconnected. At the instant the lamp
load is connected, start counting the revolutions of
the meter and observe accurately the amount of time
it requires to make a certain number of revolutions.
Let us say it is 5 revolutions.

Then, according to the formula, the tinte required
for the disk to make these 5 revolutions should be:

.()Zxogo()()xi , or 54 seconds.

If it actually requires longer than this, the meter
is running too slow. If the time required to make the
S revolutions is less than 54 sec., the meter is running
too fast.

WHEATSTONE BRIDGE
The principle of the Wheatstone Bridge, as used for
measuring resistance, is shown by Fig. 11-17. In the
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upper diagram, resistances of 5 ohms and 10 ohms
are connected in parallel, and a potential difference
of 10 volts is applied. The current divides, 2 amperes
flowing through the 5-ohmis resistance and 1 ampere
through the 10-ohm resistance. In the lower diagram
are four resistance coils; two coils of 5 ohms each in
series with each other, and a 5-ohm coil and a 3-ohm
coil in series with each other.

If we now connect a sensitive galvanometer across
the center of the paths between the coils, as shown,
it will indicate a flow of current from the upper path
to the lower when voltage is applied to the terminals
of the group.

Tracing from the positive terminal to the center
of the group, the resistance of each path is equal, but
from this point on to the negative terminal the lower
path or coil “X” has the lower resistance. For this
reason, sonie of the current tends to flow down
through the galvanometer wire to the lower coil or
easier path.

If we changed the coil “D” to one of 3 ohms, both
sides of the circuit would again be balanced and no
current would flow through the galvanometer.

On this same principle, if the resistance of coil “X”
is not known, we can determine it by varying the
resistance of coil “D” in known amounts until the
galvanometer indicates zero. or a balanced circuit.
We would then know that the resistance of coil “X”

"is equal to whatever amount of resistance we have
in coil “D” to secure the balance.

Operation of the Bridge

The Wheatstone Bridge operates on the same gen-
eral principle just described. It consists of a box of
resistance coils with convenient plugs for cutting coils
of various resistance in and out of the balancing cir-
cuits. !

Some bridges have knobs and dial switches instead
of plugs for switching the resistance units; and some
have the galvanometer built in the top of the box,
and the dry cells inside.

Fig. 11-18 shows a diagram of a common type of
bridge and the method by which the coils can be left
in the various circuits or shorted out by inserting
metal plugs in the round holes between metal blocks
attached to the ends of each resistance coil.

The coil or line of which the resistance is to be
measured is connected at X, The circuits A, B, and
C are called Bridge Arms. A and B are called Ratio
Arms, or balanced arms; and C is called the Rheostat
Arm,
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Arms A and B usually have the samc number of
resistor units of similar values in ohms. Arm C has
a number of resistors of different values.

When the unknown resistance, X, has been con-
nected in and the bridge arms so balanced that the
galvanometer shows no reading when the button is
pressed. the resistance of X in ohms can be deter-
mined by the use of the following formula:

X:%—XC

In which:
= resistance tn ohms of device under test.
A = known resistance in ratio arm A,
B = known resistance in ratio arm B.
C = known resistance in rheostat arm C.
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Section 12

TRANSFORMERS
DEFINITIONS

Transformer. A device usually consisting of two
insulated windings on a common iron or steel core,
in which alternating current supplied to one winding
(the primary) induces by electromagnetic induction
alternating emf’s in the other winding (the secondary)
and will produce alternating currents in a conductive
circuit connected to the secondary winding. The
voltage from the secondary may be higher or lower
than that furnished to the primary winding.

Step-Down Transformer. A transformer in which
the secondary winding has fewer turns than the pri-
mary, so that the secondary delivers a lower voltage
than is supplied to the primary.

Step-Up Transformer. A transformer in which the
secondary winding has more turns than the primary,
so that the secondary delivers a higher voltage than
is applied to the primary.

Primary Winding. The input winding of a trans-
former, Power line alternating current or pulsating
d.c. is sent through this winding.

Secondary Winding. Any coil or winding of a trans-
former which is connected to the load, a coil from
which power leaves the transformer.

Iron-Core Transformer. A transformer in which
iron inakes up part or all of the path for magnetic
lines of force traveling through the transformer wind-
ings.

Auto-Transformer. A transformer in which part of
the primary winding serves also as the secondary, or
in which part of the secondary winding is also in the
primary circuit. Part of the energy in the secondary
comes directly from the primary through a conduc-
tive connection between the two.

TRANSFORMER PRINCIPLES

It is a fundamental rule that in any transformer the
amount of voltage change, or the ratio between the
primary and secondary voltages, will be proportional
to the ratio between the number of turns in the
primary and secondary windings.

For example, if the primary winding of the trans-
former shown in Fig. 12-1 has fifty turns and the
secondary winding has one hundred turns, the trans-
former will be a step-up transformer with a ratio of
one to two.
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The first figure of a transformer ratio always re-
fers to tlie primary and the second figure to the pro-
portional number of turns in the secondary.

If, in another case, we have a step down transformer
with a primary winding of 1000 turns and a secondary
winding of 100 turns, the ratio of this transformer
would be expressed as 10:1; and if we were to apply
2200 volts to the primary winding, 220 volts would
be produced by the sccondary winding.

From these illustrations we can sce that the follow-
ing formula applies:

Primary voltage __  Secondary turns
Secondary voltage Primary turns

or, in the case of the transformer just mentioned.

1000 _ 2200 10 __ 1o0-
100 — 220 0 O 1= 101

If we know the ratio between the number of turns
on the primary and secondary windings of any trans-
former and know the amount of primary voltage
which is applied, we can easily determine the second-
ary voltage, because it will bear the same relation to
the primary voltage as the number of secondary turns
hears to'the number of primarv turns.

Voltages and Turns in Windings
When Ep = primary volts
When Es == secondary volts
When Ip = primary amperes
When Is = secondary amperes
When Tp = primary turns
When Ts = secondary turns

EpxIp = EsxIs Tlfs)—= Ts
— R T
Es_.lsz—T—-g- ED=ESX—'.II‘.E—
Is=lpx_’,Il‘_R Ip=stTS
S T'[T
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Fig. 12-2

Power Output
If a transformer were 100% efficient, the amount
of power in kv-a. that would be obtained from the
secondary would always be the same as that sup-
plicd to the primary, regardless of the amount that
the voltage might be stepped up or down.
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Of course, no transformer can be 100% efficient,
but the efficiency of large power transforniers is so
high that for simple illustrative problems we may
ignore the slight loss.

PRIMARY LINE

Lt Le L3

3t S2 33

Fig. 12-3

If a step-up transformer produces a secondary
voltage ten times as high as the voltage applied to
the primary, then the full load current in the scc-
ondary winding will be just one-tenth of that in the
primary winding.

For example, if a 10 kv-a. transformer with a ratio
of 1 to 10 has 200 volts and 50 amperes applied to its
primary and increases the voltage to ten times higher,
or 2000 volts on the secondary, the full load second-
ary current will then be 5 amperes.

If we multiply the volts by the amperes in each
case, we will ind the same number of volt-amperes
or kv-a. in the secondary as in the primary. The
primary voltage times primary current will he:

200 x 50 = 10,000 volt-amperes, or 10 kv-a.

The secondary volts times the sccondary ampceres
will be:

2000 x 50 = 10,000 volt-amperes, or 10 kv-a,
as before.

If the power factor of a transformer were 100%,
we could obtain the same number of actual kw. of true
power as the kv-a. rating of the transformer. How-
ever, the power factor of a transformer and its at-
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tached load is usually much lower than 100%, so it is
often possible to have a 10 kv-a. transformer fully
loaded and yet supplying only 5 to 8 kw.

This is the reason transformer capacity is always
rated in kv-a.

Transformer Regulation
The ratio of the drop in voltage between no load and
rated load to the voltage at rated load. The per cent
regulation is equal to,

volts at no load — volts at rated load 4 199
volts at rated load

Fundamental Transformer Formula

_. 4.44 x cycles x turns x core area x flux
- 100,000,000

100,000,000 x volts
4.44 x cycles x turns x flux

100,000,000 x volts
4.44 x cycles x core area x flux

where volts, across terminals of winding
cycles, operating frequency
turns, of winding being cousidered
core area, cross section in sq. inches
flux, density in lines per sq. inch
Example: What should be the core area with a 200-
volt secondary winding of 500 turns operating at 60
cycles, allowing 60,000 lines maximum flux density?

core area =

turn§ ==

core __ 100,000,000 x 200 = 2.5 sq. inches

area 4.44 x 60 x 500 x 60000

Example: How many turns should be used for a 120-
volt winding for a 25-cycle transformer having a
core 1.5 inches square (2.25 sq. in, area) operatmg
at 75,000 lines maximum flux density?

100,000,000 x 120

444 x 25 x 275 x 75000 — 041 turns

turns =

Auto-Transformers
The entire winding formis the high-voltage winding.
The low voltage winding is the portion between the
tap and end to which both the primary and second-
ary line connections are made.
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Current in the low-voltage portion of the winding is
equal only to the difference between primary and
secondary line currents,

When Il is current, amps., in low-voltage section.

Ih is current, amps., in high-voltage winding.
El is voltage across the low-voltage section.
Eh is voltage across the high-voltage winding.
Tl is turns in the low-voltage section.

Th is turns in entire (high-voltage) winding.

I=1hx =Tl  El=Ehx =

T Tt TR T T e e

THREE-PHASE TRANSFORMERS

In three-phase transformers there are three wind-
ings or coils on the primary side and three more on
the secondary side. Three coils may be connected in
delta or in star. Either the delta or the star connec-
tion may be used for either the primary or the sec-
ondary, so we have four variations:

Primary delta Secondary delta See Fig. 12-2

S delta - star “ Fig. 12-3

i‘ o star = delta “ Fig. 12-4
“ star “ star “  Fig. 12-5

When E is the line (primary) voltage
N is the ratio of turns in the windings
and coils in each winding are connected as be-
low, the secondary voltages are as shown,

; Primary Coils Secondary Coils Secondary

s Connected In Connected In Voltage Is
delta delta ExN

- delta star 1.73x ExN

4 star delta 0.577xEx N
star star ExN

Currents and voltages in the line conductors and in
the coils are as follows:
When Iw is winding current, amps.
I1 is line current, amps.
Ew is winding 'voltage at terminals
[ El is line voltage
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Connected Connected
Star Delta
Current, amps., in each
winding or coil...c.. = 11 0.577x I
Current, amps., in each
line = 1w 173xIw
Voltage across each
winding ..o = 0.577 x El El
Voltage between each pair
of line conductors.......... = 1.73x Ew Ew

PRIMARY LINE

Fig. 12-4
A
s H.T. PRIMARY LINE 1900 E.
e
LA I-!’ Le |
-] [+] [+]
Y=Y RATI0 101
E !\ E l
3B ) 3c
A

LY. SECONDARY LINE

Fig. 12-8
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POLARITY MARKINGS

Nearly all modern transformers have their leads
marked with polarity markings. These marks would
be for example: H-1 and H-2 on the high-tension
side of a single-phase transformer, and X-1 and X-2
on the low tension side. See Fig. 12-6.

2200~E.

Fig. 12-6

On a three-phase transformer, the leads would be
marked H-1, H-2, and H-3 on the high-tension side;
and X-1, X-2, and X-3 on the low-tension side. These
polarity markings indicate the order in which the
leads are brought out from the windings, and also
indicate the respective polarities of primary and sec-
ondary leads at any instant.

The polarity of alternating-current windings is con-
tinvally and rapidly reversing; but. as the secondary
always reverses with the same frequency as the prim-
ary and is always 180° out of phase with the primary,
we can deternmne the respective polarities at any in-
stant of any alternation. !

T'he polarity markings aid in making the proper
connections for transformers to be operated in paral-
lel, as it is necessary to have similar leads connected
together, in order to have the transformers operate
with the proper phase relations for satisfactory par-
allel operation. Such counections are shown by Fig.
12-7. o
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Fig. 12-7 A shows a single-phase transformer with the secondary
winding :“:!\:odmmﬁ:m No!; the manner in which the leads are
crossed tank. B, conmected for
115 and 20volt sarvice. G, Seoniary i e e e
tel for 115-volt service. N

The highest and lowest numbers are placed at the
end-leads or full winding. while the intervening num-
bers are placed on the part-voltage taps. The H-1
lead is usually located on the right-hand side. when
facing the high tension side of the transformer. With
transformers marked in this manner, if the H-1 and
X-1 leads are connected together, as shown by the
dotted line in Fig. 12-6, then when the voltage is
applied to the H.T. winding the voltage between the
remaining X-2 and H-2 leads will be less than the
full voltage of the high-voltage winding.

In Fig. 12-6 a voltmeter is shown connected across
the H-2 and X-2 leads of the single-phase transformer.
The reason its reading will be lower than the applied
voltage on the primary winding is because the polarity
of the low-voltage winding is opposite to that of the
high-voltage winding, and the two voltages will there-
fore oppose each other; so that the voltmeter will
read their difference: or 2200 — 110 equals 2090. A
transformer with the leads arranged and marked in
this manner is said to have subtractive polarity.

If the leads are brought out of a transformer so that
the voltmeter when connected to the adjacent H and
X leads, as shown in Fig. 12-0, reads thé sum of the
voltages of the high tension and low tension wind-
ings. then the transformer is said to have additive
polarity. In this case the markings of the X-1 and
X-2 leads would be reversed,

On transformers which have their leads properly
marked. the markings indicate whether the leads are
arranged for subtractive or additive polarity.
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H1| ’Hl Hll IHl
X1 l lxz X2 I lx‘

SUBTRACTIVE ADDITIVE

Fig. 12-8

Fig. 12-8 shows on the left a transformer with the
leads marked for subtractive polarity and on the right
another transformer with the leads marked for addi-
tive polarity.

When facing the high-tension side of a transformer,
if the X-1 lead is on the right-hand side, it indicates
that the polarity is subtractive; while, if the X-1 lead
is on the left, it is then known to be additive polarity,

Leading transformer manufacturers have adopted
standard connections and polarity markings for their
transformers. Most power transformers are arranged
with subtractive polarity, except distribution trans-
formers of 200 kv-a. and under and with voltage rat-
ings of 7500 volts and less; and these transformers
are arranged with additive polarity,

Testing the Polarity

When the leads of a transformer are not marked
in any manner, we can determine whether it has
additive or subtractive polarity by simply connecting
a jumper between the high-tension and low-tension
leads on one side and a voltmeter of the proper rat-
ing between the high-tension and low-tension leads
on the other side, as shown in Fig. 12-6.

If. when the primary is excited with its rated vol-
tage. the voltmeter reads the difference between the
voltages of the high and low voltage windings, the
transformer has subtractive polarity, and the leads
should be marked as shown at the left in Fig. 12-8.

If the voltmeter reads the sum of the voltages of
the high and low voltage windings, the transformer
has additive polarity, and the leads should be marked
as shown in the sketch at the right in Fig. 12-8,
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STANDARD POLARITY MARKINGS

IFollowing are extracts from rules relating to mark-
ing of transformer leads brought ont of the case, as
approved by the American Standards Association and
sponsored by the National Flectrical Manufacturers
Association.

These rules specify the markings of leads brought
out of the case but not the markings of winding ter-
minals inside of the case, except that these terminals
shall he marked with numbers in any manner which
will permit of convenient reference and which cannot
be confused with the markings of the leads brought
out of the casc.

It is recognized that special conditions will arise
from time to time when these rules will not cover and
which it would bhe very difhicult to cover by any set
of general rules.

In general the windings of a transformer shall be
distinguished from one another by identifying them
as Winding No. 1, Winding No. 2, Winding No. 3,
etc. The highest voltage winding shall always be
No. 1, except for three-phase to six-phase transfor-
mers.

The sequence of winding numbers after No. 1 may
be by voltage or by kva.

In general the leads shall be distinguished from one
another by marking ecach®lead with a capital letter
followed by a subscript number. The letters to be
used are H for the leads of winding No. 1, X for the
leads of winding No. 2, Y for the leads of winding
No. 3. and 7Z for the leads of winding No. 4. The
subscript numbers to be used are 1, 2, 3. etc.

A ncutral lead shall be marked with the proper
letter followed by subscript O, e.g.. Ha, X, etc.

A lcad brought out from the middle of the winding
for some other use than that of a neutral lead (ec.g.,
a 50 percent starting tap) shall be marked as a tap
lead.

Single-phase Transformers

The leads of any winding brought out of the case
shall be numbered 1, 2, 3, 4. 5, etc.. the lowest and
highest numbers marking the full winding and the in-
termediate numbers marking fractions of winding or
taps. All numbers shall be so applied that the poten-
tial difference from any lead having a lower number
toward any lead having a higher number shall have
the same sign at any instant. See Figs. 1, 2, 3, 4, 16
and 17 in this section.

If a winding is divided into two or more parts for
series-parallel connections, and the leads of these parts
are brought out of the case, the above rnle shall apply
for the series connection with the addition that the

193



TRANSEORMERS

leads of each portion of the winding shall be given
consccutive numbers. See Figs. 5 and 6 for four or
more leads; Figs. 8, 9, 10, 11, 20 and 21 for two or
three leads.

When two leads are brought out of the case through
one bushing (to minimize inductive effect) the ter-
minals shall be marked in accordance with Figs. 16
and 17. When in addition a lead must be brought out
from the midpoint, for three-wire operation. the ter-
minals]: shall be identified in accordance with Figs. 20
and 21,

The numbering of the leads of the H winding and
the leads of the X winding shall be applied so that
when M, and X, are connected together and voltage
applied to transformer, the voltage hetween the high-
est numbered H lead and the highest numbered X
lead shall be less than the voltage of the H winding,

To simplifv the connections of transformers in
parallel. the H, lead shall be brought out on the right
hand side facing the highest voltage side of the case
and other H leads shall be brought out in numerical
order from right to left.

When the high-voltage winding has only one ter-
minal hrought out through a rated voltage bushing
(the other terminal to be grounded) the rated voltage
terminal shall be designated as H,. For polarity mark-
ing and testing, the I, terminal shall be regarded as
located on the right, regardless. of its actual location.
However, if two alternative positions are provided for
the single rated voltage bushing, the two positions
shall he identified by terminal markings in accord-
ance with the preceding paragraph.

When the high-voltage terminals are brought out
through two bushings of different insulation levels,
the bushing having the higher voltage level shall be
designated as H, and shall be located on the right
hand side facing the high-voltage side of the case.
See Figs. 24 and 25.

Figs. 26 and 27 illustrate the connection in multiple
of single-phased transformers of additive polarity, of
subtractive polarity, and of additive and subtractive
polarity. These diagrams are included here as a mat-
ter of additional information.

Three-phase Transformers

The three leads for each winding which connect to
the full phase windings shall be marked H, H. H,,
X, Xy X5 Yy, Y., Y, etc, respectively.

The markings shall be so applied that if the phase
sequence of voltage on the highest voltage winding
is in the time order, H,, H., Hs, it will be in the time
order of X,, X Xa and Y, Y: Y, etc., on the other
windings.
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Sebtrsctive Polarity Additive Pelarity Subtractive Potarity
H, Hf H, H, Hi Ha Ha Ha
X 2 ? X,

Fizg. 1 Fig. 2

Simple H and X Windings Without Taps Simple H and X Wind
ings With Taps

Additive Polarity Subtractive Polarity Additive Polarity
Hi) H2 Hi Ha HI, H'z H, le
e i/
{‘v"v WAWA
X Xa X2 X Xi X3 X2 Xa Ko Xo XgXe XX,
Fig. 4 Fig. 5 Fig. 8
0 H and X Wiad Scries Multiple Scries Multiple
s"’;:"‘ With Tapl X Winding X Winding
g Without Taps With Taps
Subtractive Polarity Subtrective Pelarity Additive Polarity
H, Xa H, le Hlo Ha
MWW
X, Xy Xz X, Xs X2 X,
Fig. 7 Fig. 8 Fig. 9
Three-Wire Series Connection
Autotransf
utofranLoNE, Transformers having neutral brought out between
outside leads
Subtrustive Polarity Additive Polarity Subtractive Pelarity
H H2 H Ha H,s H,

X X2 Xs X3 Xa X X1 Xa

Fig. 10 Fig. 11 Fig. 12
Two-Wire Parallel Connection Two-Wire Serie
Connection ¢
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Additive Polarity Subtractive Polarity Additive Pelarity

H, H, H, Hz H, H

Xz, . X X, Xz X2 X,
Fig. 13 Fig. 14 Fig. 15
Two-Wire Series Two-Wire Parallel Connection
Connection
Subtractive Polarity Additive Polarity Subtractive Pelarity
H, H, H, H H2
=; > @
Xy Xg X X2
Fig. 18 Fig. 18
120 Volt Class Connection Above 120 Volt Class
Connection
Additive Polarity Subtractive Polnrily Additive Pol-rhy
H: Hz H,
X1 X3 Xz
]-'ig. 19 Fig. 20 Fig. 21

Three-Wire Series Connection

Above 120 Volt Class | X
Transformers having neutral brought out to side

Connection
Subtractive Polarity Additive Polerity
H, H> H, H»
wvxwwy; > @
X X3 Xa X2 X3 X,
Fig. 22 Fig. 23

T wo-Wire Parallel Connection
Transformers where neutral is brought out to side
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Angular Displacement and Connec-
tions—Single-Phase Transformers Con-
nected Delta-Delta and Y-Y in Three-Phase

Banks with 0° Angular Displacementf

A A KK

Dash lines show angular displacement between high and low
voltage windings.

t NOTE- The above figmies are included to illustiate connections of
single-phase transformers of wdditive polarity. subtractive polarity.
and additive and subtractive polarity in banks.

Fig. 24
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Angular Displacement and Connec-
tions—Single-Phase Transformers Con-
nected Delta-Y and Y-Delta in Three-Phase

Banks with 30° Angular Displacementf

k<«

Dash lines show angulir displacement between high and low
voltage windings.

t NOTE—The above figures are included to illustrate connections of
cingle-phase transformers of additive polurity, subtractive polarity,
and additive and subiractive polarity in banks.

Fig. 25
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In order that the markings of lead connections be-
tween phases of threc-phase transformers shall in-
dicate definite phase relations, they shall be made in

# ) #, Hy
— S S
% L] L] 4
LN Xz X &l 1%
Subtractive Additive
Polarity Polarity
Fig. 26

accordance with one of the three-phase groups shown
in Figs. 28, 29 and 30. The angular displacement be-
tween the H winding and the X winding is the angle
in each of the voltage vector diagrams between the
lines passing from its neutral point through F, and
X., respectively.

Figs. 28 and 29 illustrate three-phase transformers
without taps, while Fig. 29 illustrates transformers
with taps. The broken lines or dashed lines show
angular displacement between high-voltage and low-
voltage windings.

When more than one low-voltage winding is used,
the angular displacement between the H winding and
each ot the otner low-voltage windings i1s estabnshed
in the same manner, using H; andY;; H; and Z;; etc,,
respectively.

Vv here tap leads are brought out of the case (neu-
tral lead excepted) they shall be marked with the
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proper letter tollowed by the hgures 4, 7, ewc., for
once phase, §, , ctc., for another phase, and 0, Y, etc.,
for tne thard phase. See Fig. 30.

f—
H Mz
Add Fol,
J A/

X ]X, % L;

Connections for Transformers i Myltipfe
Fig. 27

", %2 "
~ -
-
”
, Hy % X3 h 3 X 3

Group 1—Angular Displacement 0°
Fig. 28

Hp Xp
{ '3 X3

Group 2—Angular Displacement 30°
Fig. 29

Group 3—Angular Displacement 30°
Fig. 30
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The order of numbering tap leads for a delta con-
nection shall be as follows: 4, 7, etc., from lead 1 to-
ward lead 2; 5, 8, etc., from lead 2 toward lead 3; and
6, 9, etc., from lead 3 toward lead 1.

The order of numbering tap leads for a star con-
nection shall be as follows: 4, 7, etc., from lead 1
toward neutral; 5, 8, etc., from lead 2 toward necutral;
and 6, 9, etc, from lead 3 toward neutral.

Transformers having leads marked in accordance
with the foregoing rules may be operated in parallel
by connecting similarly marked leads together, pro-
vided their angular displacements are the same and
provided also their ratios, voltages, resistances, react-
ances and ground conmnections are such as to permit
parallel operation.

In some cases designs may be such as to permit
parallel operation although, due to a difference in the
number of tap leads, the leads to be connected to-
gether are not similarly marked.

To simplify the work of connecting transformers in
parallel, the H, lead shall be brought out on the right
hand side of the case facing the highest voltage side
of the case. The H. and Hs leads shall be brought out
so that the three leads are arranged in numerical or-
der reading from right to left when facing the highest
voltage side of the case. The H, lead, if present, will
be located to right of the H. lead when facing the
highest voltage side of the case. See Figs. 31, 32
and 33.

Angular Displacement 0°

H X3
L ] Y s
Hy Hy My
2 X2
// /‘
L] L
Xo X Xy X3
Fig. 3t
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The X, lead shall be brought out on the left hand
side of the case facing the X winding side of the
case. “T'he Xe and Xi leads shall be brought out so

Angular Displacement 30°

", 7 Hy Ha Hy
2
- A
// & xo
h b
X3
Xp X) X2 X3
Ho Hy +ig My
Ha Xa |
%
X3 ¥ X; Xy
Fig. 32
Autotransformers

HiHaHy

Ho
(1 nautrol lead s brought out)

Fig. 33

that the three leads are arranged in numerical order
reading from left to right when facing the X winding
side of the case. The X lead, if present, will he
located to the left of the X, lead facing the X wind-
ing side of the tank.

The Y winding and Z winding leads, if present,
shall be brought out and numbered in the same man-
ner as the X winding leads.

The location of the external leads specified in the
three preceding paragraphs shall apply to only one
connection, such as a Y or a delta, of a given winding.
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L}

Autotransformer lcads shall, as far as practicable,
be marked in accordance with the requirements for
corresponding multi-winding transformers. See Fig.
33

‘The dashed lines or broken lines in Figs. 31, 32 and
33 show angular displacement between high-voltage
and low-voltage windings.

TRANSFORMER INSTALLATION

Following are some of the general rules of the Na-
tional Electrical Code which apply to transformers
of types in common use. There are other spccial rules
applying to transformers in hazardous locations, sign
transformers, and X-ray or other high-frequency
transformers. Radio transformers, relay and meter
transformers, and transformers forming a part of
other apparatus ordinarily conform to rules governing
the construction of such apparatus.

Transformers of All Voltages. In buildings other
than generating stations and sub-stations, transform-
ers, except potential instrument transformers, shall
comply with the following:

Air-Cooled Transformers. Transformers whose
windings are cooled by exposure to the air shall have
a separation of at least 12 inches from combustible
material, unless separated therefrom by a barrier ot
incombustible heat-insulating material, or unless of
rating not exceeding 600 volts and completely enclosed
except for ventilating openings. An air space of at
least six inches shall be left between transformers
and between each transformer and adjacent surfaces,
except the surface upon which it is mounted.

Liquid That Will Not Burn. A transformer im-
mersed in an approved liquid that will not burn and
rated in excess of 25 kva shall be furnished with a
pressure-relief vent. If installed in a poorly ventilated
place inside of a building it shall also comply with
one of the following conditions:

It shall be furnished with a means for absorbing
any gases generated by arcing inside the case, or

The pressure-relief vent shall be connected to a
chimney or flue which will carry such gases outside
the building.

Liquid That Will Burn. Transformers inmmersed in
a liquid that will burn shall be installed in a vault,
except by special permission as follows:

Transformers rated at not more than 600 volts and
10 kva may be installed without a vault in a build-
ing or room of other than fire-resistive construction,
if there is no combustible material in the vicinity of
the transformer.
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Transformers rated at not more than 000 volts and
not more than 25 kva in any one unit, or not more
than 75 kva total rating, may be installed without a
vault in a building or room of fire-resistive construc-
tion and containing no other combustible material in
the vicinity of the transformer, if surrounded by con-
crete curbs not less than 6 inches high forming a
basin of sufficient capacity to retain all the liquid used
in the transformers.

Transformers Exceeding 600 Volts. In buildings
other than generating stations and sub-stations, trans-
formers operating at more than 600 volts, except
potential instrument transformers, shall comply with
the preceding rules and also the following:

They shall be installed only by special permission.

They shall be located where the supply conductors
enter the building or as near to this point as practic-
able.

Transformers immersed in a liquid that will burn
shall comply with preceding rules for such liqud
Other transforniers shall be installed so as to provide
mechanical protection, ventilation, and inaccessibility
to unauthorized persons. If exceeding 15,000 volts
between terminals they shall be installed only in a
vault conforming to special rules.

In clectric furnace rooms transformers immersed
in a liquid that will burn, with total rating not exceed-
ing 75 kva, may he installed in accordance with pre-
ceding rules for Hquid that will burn.

Transformers Attached to or Adjacent to Building.
Transformers attached to the exterior of a building
or in immediate proximity thereto shall be so Jocated
as not to interfere with the raising of fire ladders;
shall he at least 4 feet from fire escapes and outside
stairways; and shall comiply with the following:

If immersed in a liquid that will burn, they shall
be placed against a blank wall of masonry or rein-
forced concrete. They shall not he directly under any
combustible eaves or cornices.

It is recommended that wall openings within 10
feet be protected by standard fire doors or shutters.
Under some circumstances openings distant more than
10 feet should be protected.

If immersed in a liquid that will not burn, there
shall be an air space of at least 6 inches between the
transformer case and any adjacent combustible ma-
terial.

If transformers immersed in a liquid that will burn
are placed under a sidewalk in front of a building
they shall be located in a vault complying with special
rules.

204



TRANSFORMERS

Transformers Mounted on Roofs. A transformer
installed on the roof of a building shall comply with
the following:

If the transformer is immersed in a liquid that will
burn, it shall be installed in a vault.

A transformer inmmersed in a liquid that will not
burn shall be mounted well away from doors. If
located so that leaking liquid might reach a window
or door, it shall he mounted on a metal pan or con-
crete basin large cnough to retain the liquid.

Auto-Transformers. Transformers in which a part
of the turns are common to hoth primary and second-
ary alternating-current circuits, ordinarily known as
auto-transformers, may be connected to an interior
wiring system only under one of the following circum-
stances:

The system supplied contains an identified gronded
conductor which is solidly connected to a similar
identified grounded conductor of the system supply-
ing the auto-transformer,

The auta-transformer is used for starting or con-
trolling an induction motor and may be included in
a starter case or installed as a separate unit.

The auto-transformer supplies a circuit wholly with-
in apparatus which also contains the auto-transformer.

The auto-transformer is wvsed for fixed voltage ad-
justment on an existing power circuit having no
identified grounded conductor,

Overcurrent Protection

Operating at 600 Volts or Less. If located inside
building. each transformer or bank of transformers
operating as a unit, except instrument transformers,
shall be scparately protected on the primary side by
an automatic overcurrent device rated or set at not
more than 200 per cent of the full-load current rating
of the transformer or bank of transformers. TPoten-
tial instrument transformers should be protected in
the primary circuit by fuses rated at not more than
5 amperes.

Grounding

Transformer cases shall be grounded except:

Cases or frames of transformers used exclusively
to supply current to switchboard instruments or pro-
tective relays, if they are installed and guarded as
required for the maximum potential at which they
operate. 3

Transformers mounted on wooden poles at a height
of more than 8 feet from the ground.



Section 13
MOTORS
DEFINITIONS

Motor. A rotating electric machine which changes
applied electrical energy or power into mechamcal
output energy or power.

Generator. A rotating eclectric machine which
changes applied mechanical driving energy or power
into direct-current or alternating-current output cn-
ergy or power,

Alternator. A generator of alternating current;
usually a synchronous alternating-current generator.

Field Magnet. The permanent magnet or electro-
magnet which supplies a magnetic held in a gen-
erator, motor or other electrical equipment.

Pole. That portion of the magnetic circuit of a
motor or generator around which the field windings
or stator windings are wound. The poles confine the
magnetic flux to given locations within the motor
or generator,

Armature. Usually the movable portion of a niag-
netic circuit, such as the rotating section of a gen-
erator or motor.

Commutator. A ring of insulated copper segments
on which bear the contact brushes. A generator com-
mutator changes the generated alternating currents
into direct currents for the line. A motor commutator
changes the direction of applied direct current so that
currents flow in an armature or rotor as required for
the necessary magnetic effects.

Brush. A stationary conductor held in contact with
a moving conductor or conductors to allow flow of
current between stationary and moving parts of elec-
trical equipment.

Rotor. ln a generator, motor or other electric ma-
chine having a rotating member, the member that
rotates. A word used chiefly when referring to alter-
nating-current machines.

Stator. The parts ot an alternating-current motor
or generator_on which are the stationary windings.

Collector Rings. Continuous metallic rings on a
rotating member, against which bear stationary
brushes to allow .current How bectween the rotating
and stationary parts of the equipment.

Torque. Turning effort. The effect of a force that
tends to cause rotation of parts about a center. An
electric motor exerts torque at its shaft when supplicd
with current, and if the torque is sufficiently great it
will cause the shaft to rotate.
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Slip. The difference between synchronous speed
of an induction motor and the speed at which the
motor actuaily runs,

Shunt Winding. In a wmotor, generator or other
clectric machine, a winding through which flows only
a portion of the total current cntering or leaving the
machine; a winding which is in parallel with the
armature windings.

Shunt-Wound Motor. A direct-current motor hav-
mg its field windings connected in parallel or shunt
with its armature, and with the paralleled field and
armature connected across the line supply.

Series Winding. In a motor, generator or other
clectric machine, a winding in which flows all the
current that enters or leaves the machine.

Series-Wound Motor. A direct-current motor having
its ficld windings connected in series with its ara-
ture, and the field and armature in series with the
line so that all current Howing through the field flows
also throngh the armature.

Universal Motor. A scries-wound motor, with com-
mutator and brushes, which will run on either alter-
nating or direct current,

Compound-Wound Motor. A direct-current motor,
part of whose field windings are in parallel with or
shunted across the armature while the other part of
the ficld windings are in scries with the armature.
Having both shunt and series ficld windings.

Induction Motor. An alternating-current motor in
which energy from stationary windings is transferred
to conductors on the revolving rotor by electromag-
netic induction, and in whick the rotor receives no
current through any conductive connections such as
brushes and a commutator or slip rings.

Split-Phase Motor. An alternating-current induc-
tion motor which is made self-starting on single-
phase current by using two stator windings, in one
of which the current is displaced in phase with ref-
erence to that in the other winding to produce a rotat-
ing field somewhat like the rotating field secured from
two-phase current.

Capacitor Motor. A split-phase motor in which a
capacitor or capacitors displace part of the current in
phase from the remainder i order that the motor
may be self-starting on single-phase supply current.

Shaded Pole Motor. An alternating-current induc-
tion motor which is self-starting on single-phase cur-
rent supply because of a partial displacement of mag-
netic lines or flux at the field poles through auxiliary
currents and flux praduced in closed conductive rings
around parts of the pole tips.
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Polyphase Motors. Any motors which operate from
a supply of more than one phase; from a 2-phase or
3-phase supply.

Squirrel Cage Motor. An alternating-current induc-
tion motor in which the conductors on the rotor con-
sist of bars parallel to the rotor axis or shaft, joined
together at the front and rear of the armature by
conductive rings. The conductors, neglecting their
supports, would have the general form of a squirrel
cage. .

Wound Rotor Motor. An induction motor on whose
rotor are wire windings connected to slip rings which
rotate with the rotor shaft and on which hear brushes.
FExternal adjustable resistors are connected to the
rotor windings through the rings and brushes. . The
resistors permit adjustnent of motor speed.

Slip Ring Motor. A wound rotor motor.

Repulsion-Start Induction Motor. A type of alter-
nating current motor that starts as a repulsion motor
and runs as an induction motor, the changeover being
made by an automatic switch, usually within the
motor,

Repulsion-Induction Motor. An alternating-current
motor with two rotor windings: one of which may-be
a squirrel cage or modified squirrel cage, while the
other is similar to that of the repulsion-start induc-
tion motor. The commutator and brushes are used
during starting, but practically no current flows
through them at full speed.

Synchronous. Happening at the same time: having
the same alternating phase relations and period: main-
taining a frequency exactly proportional to operating
speed, or a speed exactly proportional to supply fre-
quency.

Synchronous Motor. An altefnating-current motor
which runs at a speed exactly proportional to the
frequency of the supply current. There is no slip
in a synchronous motor.

Synchronous Speed. The synchronous speed of an
alternating-current motor depends on the supply fre-
guency and on the number of motor poles, as follows:

Svnchronous __ 120 x frequency, cycles
Speed, RPM number of poles

MOTOR TYPES AND CHARACTERISTICS
Single-Phase A-C Motors

Split-Phase Motors. The split-phase motor has two
stator windings. In the circuit of one winding there
is more inductance. more resistance, or more capaci-
tance than in the circuit of the other., Consequently
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the phase of currents in one winding is displaced with
reference to that of currents in the other windings.
The phase displacement provides. in effect, two cur-
rents which produce a rotating field and drag the
rotor around to start the motor on a single-phase
supply.

Split-phase motors have rather low starting torque
for the starting current used. They are not used on
loads which come up to speed slowly. They have
fairly good power factor and efficiency, also constant
running speed.

Common uses are for fans and blowers, small
pumps, grinders and small power tools, washing ma-
chines. ironers. and similar applications.

Capacitor Motors. All capacitor motors are split-
phase types with a capacitor to provide phase dis-
placcment for starting, Capacitor-start motors have
the capacitor cut out after starting, then run as a
split-phase type. Capacitor-run motors nse the same
or another capacitor during the running period.

Capacitor motors may be designed for high, me-
dium or low starting torque with normal starting cur-
rent; depending on the service requirements. They
may be designed also to allow a high slip. These
motors, especially in capacitor-run types, have very
good power factors and efficiencies. They run quietly.

Capacitor motors are commonly applied to fans, any
centrifugal devices, pumps, domestic refrigerators,
stoker drives, grninders and bench tools, mixers,
presses, control devices, and wherever frequent start-
ing is required.

Shaded Pole Motors. These motors provide phase
displacenient for starting by having closed circuit con-
ductive rings or coils on a portion of the stator pole
faces. They have very low starting torque and poor
efficiency. They run at steady speed with steady load,
but speed varies somewhat with load changes. The
construction is very simple, there are no external con-
nections to the rotor, operation is quiet, and stalling
under load ordinarily does no damage. ‘T'hese motors
are used chietly for control apparatus, small fans, and
wherever the need is for motion without much power.

Repulsion-induction Motors. These motors are
suitable for starting very heavy loads. They will bring
up to speed practically any load which they can start,
and they maintain constant speed with a steady load.

Repulsion-induction motors are used for pumps
which must start under load, for hoists and elevators,
heavy duty grinders, saws, knives, cutters, and sim-
ilar applications.

Universal Motors. These motors ordinarily are de-
signed to operate, in small sizes, at speeds from 5,000
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to 10,000 rpm or more, and will race badly if under-
loaded. They are applied to relatively constant loads,
such as domestic and office appliances, and small
portable tools. Starting torque is very high. Torque
decreases as speed increases. The speed varies widely
with changes of load, but stalling is unlikely.

Synchronous Motors. Small synchronous miotors
usually are of the split-phase or capacitor types, al-
though very small sizes may be of the shaded pole
type. Such motors have extended or salient poles on
the rotors, so that they pull into synchronous speed
soon after starting. Starting torque of split-phase and
capacitor types is fairly good. There is some un-
avoidable vibration while running.

Polyphase A-C Motors

Squirrel Cage Motors. Squirrel cage induction mo-
tors are generally used in all power ranges wherever
three-phase or two-phase current is available. They
are the simplest of any type in construction, deliver
the greatest power for a given size, weight and speed,
and neéed a minimum of maintenance. Squirrel cage
motors operate at practically constant speeds on steady
loads, and most types have but littie speed variation
with moderate changes of load. Adjustable speed in-
duction motors have special forms of rotor construc-
tion,

Squirrel cage induction motors may be classified as
follows in accordance with their starting torques and
starting currents:

Normal torque, normal (starting) current.
Normal torque, low current.

High torque, low current.

High slip motors; having high starting torque,
medium starting current, and two to four times
the normal slip at full-load.

E. Low torque, normal current,

F. Low torque, low current.

High torque and high slip motors are used for
starting heavy loads, such as compressors and pumps.
Low torque types are used for loads which are light
when started, such as fans and blowers. The high
slip motor often is used with a flywheel which cares
for high peaks of load.

Wound Rotor Motors. This type of motor is used
for heavy starting duty, especially where there must
be frequent starts. It is used also where running
speed must be adjustable, and where the starting cur-
rent must be low.

CUOw>

Synchronous Motors. These are used where running
speed must be constant. They are especially suitable
for low speeds, under 500 rpm. Synchronous motors
will handle medium loads at starting.
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Direct-Current Motors

Series-wound Motors. Scries d-¢ motors will start
the heaviest loads. Their running speed decreases as
the lodd increases. and the speed rises at light loads.
At very light loads, or at no load, the speed may be-
come so high as to damage the motor. Maximum
torque is linited only by the ability of the commu-
tator and brushes to handle the large currents. Series
motors are adapted to hoists and similar loads.

Shunt-wound and Compound-wound. Both of these
types will maintain a nearly constant speed with fairly
great changes of load. With both of them the speed
may be adjusted either above or below normal run-
ning speeds, and will be closely maintained at the
point of adjustment. The shunt-wound motor is suited
for medium starting loads, while the compound-wound
type will handle heavy starting duty. Compound-
wound motors may be used on flywheel loads where
there are high peaks at recurring intervals. Neither
type will race at light loads, as will a series motor.

Applications of shunt and compound-wound d-c
motors include machine tool drives, any machinery
where close speed regulation and adjustable speed are
needed. railroad and marine applications, and such
work.

REVERSING ROTATIQN OF MOTORS

Basic Rule. Extend the thumb, forehinger and mid-
dle finger of yvour left hand so that they are at right
angles to one another, so that cach is at a right angle
to the other two. When vour forefinger points in the
direction of agnetic flux between poles and through
the armature or rotor conductors, and when your
middle finger points in the direction of current flow
through the conductors, your thumb will point in the
direction that the conductors are moved through the
field.

Split-phase Motors, Reverse the connections to the
starting winding. or reverse the connections to the
running winding. Do not reverse the connections to
both windings.

Capacitor Motors. Same as for split-phase motors.

Shaded Pole Motors. Reversible only when there
are two sets of field windings, one set for each direc-
tion of rotation.

Repulsion Motors. Shift the position of the short
circuited brushes on the commutator.

Induction-start, Synchronous-run Motors. Shift the
brush position on the commutator, and also inter-
change the connections to the two slip rings.
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Three-phase Squirrel Cage Motors. [Interchange
any two of the three connections coming from the
line to the stator.

Two-phase 3-wire Motors. Interchange the line con-
nections to the two outer leads, leaving the common
lead as originally connected.

Two-phase 4-wire Motors. Interchange the Teads to
either one of the two phases. Do not change the con-
nections to both phases.

Direct-current Motors. Reverse the connections to
the field winding, or reverse the connections to the
brushes. Do not make the change in such manner
that both the fietds and armature are reversed, for
this leaves the rotation unchanged.

MOTOR CURRENTS AT FULL LOAD

Amperes
Three-Phase A-C Motors

INDUCTION MOTORS SYNCHRONOUS MOTORS
Squirrel Cage and Wound Rotor Types Unity Power Factor
- (See note helow)
HP 110V 220V 440V 5SSOV 2200V 220V 440V S50V 2200V
* s 2.5 1.3 1 —
¢ 5.4 2.8 14 1) —
s 66 33 17T 18 —
1% 9.4 4.7 2.4 20 =
2 12 6 3 e =
3 — ° 4.5 4 —
5 -— 13 158 6 —
™ — 22 1 9 =
10 — 27 14 1 -
» = 3R H E
;g - 32 26 7
—_ 3% 31 3 65 33 26 6.5
ﬁ oy lz: 51 40 10 43 35 86
30 c 128 63 so 13 18 54 44 10,8
0 = 149 s 60 15 128 64 51 13
18 — 130 90 72 19 161 Bl 65 16
100 — 46 113 98 25 211 106 85 N
128 —_ 310 185 124 32 264 132 106 26
150 — 30 180 144 % — 138 $21 32
260 = 480 40 195 49 - 110 168 42

These values of full-load current are for motors running at
speeds usual for belted motors and motors with normal torque
characteristics. Motors built for especially low ‘speeds or high
torques may require more running current, in which case the
nameplate current rating should be used.

For full-load currents of 208 and 200 volt motors, increase
the corresponding 220-volt motor full-load current by 6 and
10 per cent respectively.

For synchronous motors of 90 % power factor multiply above
currents by 1.1: for 80% power factor multiply by 1.25

These current values are from the National Electrical Code.
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MOTOR CURRENTS AT FULL LOAD

Amperes
Two-Phase A-C Motors
Currents given in the table are for 4-wire motors.
In a 3-wire 2-phase.system the current in the com-
mon conductor will be 1.41 times the values listed.

INDUCTION MOTORS SYNCHRONOUS MOTORS
Squirrel Cage and Wound Rotor Types Uity Power Factor
(See¢ note below)
HP. 110V 220V 440V 550V 2200V 220V 440V 550V 2200V
KT 43 2.2 1.1 9 = — — —_ =
# 47 24 12 10 — by - —
1 * 57 2.9 1.4 1.2 —_ — — L
1% 7.7 40 2 16 — = — =
2 10.4 5 3 2.0 _— —_ —_ —_—
3 —_ 8 4 30 —_ - - [ —
) —_ 13 7 6 _— —_ =) [r—
7% — 19 9 7 _— —_— —_— —_ -
10— 24 12 10— -—- ==
15 — 33 16 13 _— —_ —_— [
20 —_— 45 23 19 —_ —_ - —_— -
25 — $5 28 22 6 47 24 19 4.7
30 —_— 67 34 27 7 56 29 23 5.7
40 —_ 88 4“4 38 9 75 87 31 758
S0 — 108 54 43 1N % 47 38 94
60 — 19 65 52 13 il 56 44 1.3
75 — 156 18 62 16 140 70 57 14
100 — 212 106 85 22 182 923 74 18
125 — 268 134 108 27 228 114 93 23
150 — 311 158 124 i — 137 1o 28
200 — 415 208 166 43 — 182 145 37

These values of full-load current are for motors running at
speeds usual for belted motors and motors with normal torque
characteristics. Motors built for especially low speeds or high
torques may require more running current, in which case the
nameplate current rating should be used.

For synchronou‘s motors of 90% power factor multiply above
currents by 1.1; for 80% power factor multiply by 1.26.

These current values are from the National Electrical Code.

WIRING FOR MOTORS

The following recommendations and tables are from
the National Electrical Code. and should be used in
connection with motor full-load running currents
listed in preceding tables under “Motor Currents At
Full Load”.

Individual Motor. Branch-circuit conductors supply-
ing an individual motor shall have a carrying capacity
not less than 125 per cent of the motor full-load cur-
rent rating; provided, that conductors for motors used
for short-time, intermittent, periodic, or varying duty,
may have a carrying capacity not less than the per-
centage of the motor name-plate current rating as
shown in the following table, unless the authority en-
forcing the code grants special permission for conduc-
tors of smaller size.
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MOTOR CURRENTS AT FULL LOAD

Amperes

Single-Phase A.C. Motors

Hp 1mov.~ 220V 440V
1/6* e 3.34 1.67 —
4.3 2.4 —
7 3.5 —_
9.4 4.7 —_
1 5.5 —
15.2 7.6 p—
20 10 —
28 14 —
46 23 =
68 34 17
86 43 218

These values of full-load current are for motors running at
speeds usual for belted motors and motors with normal torque
characteristics. Motors built for especially low speeds or high
torques may require more running current, in which case the
nameplate current rating should be used.

For full-load currents of 208 and 200 volt motors, increase

the corresponding 220-voit motor full-load current by 6 and
10 per cent respectively.

Direct-Current Motors

HP 115V 230V 550V
%Y 45 2.3 -
4\ IR — 6.5 3.3 14

_l' S 8.4 4.2 l.(
1% . 12,5 6.3 2.6
2 R eae— 16.1 8.3 3.4
3 oo 23.0 12.3 5.0
5 s sa— 40 19.8 8.2
7% e~ /581 28.7 12,0

10 38 16.0

15 56 23.0

20 74 30

25 . 92 38

30 — 110 45

40 S 146 61

50 IO 180 75

60 e 215 90

75 e 268 111

100 e 357 146

125 pu—— 443 184

150 S U—— -— 220

200 — 295

These current values are from the National Electrical Code.

The values for full-load current are average for all speeds,
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Percentages of Name-Plate Current Rating
15- 30 & 60- Con-
Classification of S-Minute Minute Minute tinuous
Service Rating  Rating  Rating  Rating
Short-Time Duty
Operating valves, raising
or lowering rolls . . . ... ... 110 120 150 .
Intermittent Duty *
Freight and passenger ele-
vators, tool heads, pumps,
drawbridges, turntables,
etc. ‘i W L. .5 85 85 90 140
Periodic Duty
Rolls, ore and coal-han-
dling machines ......... 85 90 95 140
Varying duty ............ 110 120 150 200
or lower at the discretion of the
authorities enforcing the regulations.

The conductors hetween stationary motors, rated
13 H. I’ or less, and certain separate terminal enclo-
sures permitted, may be smaller than No. 14 but not
smaller than No. 18, provided they have current-
carrving capacity as specified above.

The size of conductor calculated on the basis of 125 per
cent of the motor full-load current for the more usual motor
ratings is shown in the tables of "Motor Wiring and Overcur-
rent Protection.”

For long runs, it may be necessary in order to avoid excessive
voltage drop, to use conductors of sizes larger than the mini-
mum sizes given in those tables.

Conductors Supplying Several Motors. Conductors
supplying two or more motors shall have a current-
carrying capacity of not less than 125 per cent of the
full-load current rating of the highest rated motor in
the group plus the sum of the full-load current ratings
of the remainder of the motors in the group.

Combination Load. Conductors supplying a motor
load, and in addition a lighting or appliance load, shall
have a current-carrying capacity sufficient for the
lighting or appliance load plus the required capacity
for the motor load determined as above for several
motors or for an individual motor, as the case may be.

Motors of 1 H.P. or Less

One Horsepower or Less — Manually Started.
Motors of 1 horsepower or less which are manually
started and which are in a location within sight
of the operator, shall be considered as protected
against overcurrent by the overcurrent device pro-
tecting the conductors of the branch circuit. This
overcurrent device shall not be larger than that speci-
fied in the table of “Motor Wiring and Overcurrent
Protection”, except that such a motor may be used
also at 125 volts or less on a branch circuit pro-
tected at 20 amperes. Any such moter which is in a
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location out of sight of the operator shall be protected
as specified helow for automatically-started motors.

4 to One Horsepower — Automatically Started.
Motors of 4 to 1 horsepower inclusive which are
started automatically shall be considered as protected
against overcurrent under any of the following con-
ditions:

1. If provided with overcurrent protection not
greater than 140 per cent of the full-load current rat-
ing of the motor. The overcurrent protective device
shall have sufficient time delay to permit the motor
to start and accelerate its load.

2. If the motor is a type which cannot overheat
due to overloads or failure to start.

This result may be secured by windings having a sufficiently

high impedance to prevent qverheatintl. or by the use of an ap-
proved protective device which is an integral part of the motor.

3. If part of an approved assembly which does not
normally subject the motor to overloads and which
is also equipped with other safety controls (such as
the safety combustion controls of a domestic oil
burner) which protect the motor against damage due
to stalled rotor current. \Where such protective equip-
nient is used it shall be indicated on the name-plate
of the assembly where it will be visible after instal-
lation.

d. Less than 14 Horsepower—Automatically Start-
ed: Motors of less than 4 horsepower, automatically
started, shall be considered as protected against over-
current by the overcurrent device protecting the con-
ductors of the branch circuit.

Grounding of Motors

Stationary Motors. The frames of stationary motors
shall be grounded if any of the following conditions
exist:

a. If supplied by means of metal-clad wiring.

b. If located in a wet place and not isolated or
guarded.

c. If in a hazardous location.

d. If the motor operates with any terminal at more
than 150 volts to ground.

If the frame of thc motor is not grounded, it shall
be permanently and effectively insulated from the
ground.

Portable Motors. The frames of portable motors
which operate at more than 150 volts to ground shall

be guarded or grounded.

It is recommended that the frames of motors which operate
at less than 160 volts to ground be grounded if this can be
readily accomplished.
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Maximum Allowable Rating of Branch Circuit Fuses

With Code | With Code Letters | With Code | With Code
Letters [Single-phase and squirrel| Letters Letters
Single-phase | ¢age and synchronous. | Squirrel cage | All motors,
: and souirrel | Full voltage, resistor of | and synchro | Code letter
cage and syn-| reactor startlng, Code | nous Auto- A.
For chronous. Full|  letters B to Elinc. transformer Without
Running Protection | yoltage, resis- | Auto-transformer start- |gtarting, Code |Code Letters
of Motors tor and reactor|ing, Code lletgel's Fto R lettelis BtoE DC and
starting, Code ... ‘ne, lnc. wound-rotor
M'm“‘l‘:,".‘.:é:‘,?vﬁg,‘;d“m' letters F to R Without Code Without motors.
For conductors {n alr or | pgaxg. inc. Letters Code Letters
for other insulations mum Without S(Lulrrel cage and syn~ | Squirrel cage
(see tables 1 and 2) rating Code Letters| chronous, auto-trans- | and synchro-
of Sameas above,| former starting, Hl?h nous, auto~
AWG and MCM N.EC reactance squirre transformer
fuses cage. starting, High
Both not more than tance
30 amperes aquirrel
'IR cage.
Am)|
2 4 3 6 7 8 9 10
4 4 4 2* o 15 15 15 15
4 4 4 3 2. 15 15 15 15
4 4 4 4 3. 15 15 15 15
4 4 4 ikg 5. 15 15 15 16
4 4 4 8e 6. 15 15 15 15
4 4 4 8* 7 20 15 15 15
4 4 4 10* 8. 25 20 15 15
4 4 4 10* 10. 25 20 20 15
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Maximum Allo 1 of Cirouit Fuses
With Code | With Code Letters | With Code | With Code
altiens,, [Sacemm et uinn) Lo | baties
e-phase . el 0Age motors
nn? lqlzuml Full voltage, resistor or | and syne%.r‘b- e let
cage and .pY:— reactor Mnﬁ Code | nous Auto- A.
' unnind Sotscton |‘PSRLSE | poky emostre g |y SRS | Wikhest
of Motors tor and resctor ing. Code lstters Fto R letters B 1o E |CodsLatters
starting e . y ne. 5
Elaturalalsol :°y:d uotor letw;umi: toR Wntll::;x:. Code Co‘Xe“ll::“t Eound-rotey
Tor conductors in alr or Oy s tters
Ful for other insulations Max-  Madmum | Without | Squlrrel cage and syn- | Squirrel cage
current (see tables 1 and 2) rating ° [ , auto-trans- | and synchro-
rating of ¢imelimit |S8meas above.| former starting, h nous, auto-
of AWG and MCM N.E.C. protective reactance squirre| transformer
motor fuseq dovice Both Rot fnore than m‘},‘{;nﬁ b
amperes 30 amperes squirrel
O R -
Am Am
coLNo.2l 2 3 4 poree Amgee 7 8 9 10
72 3 90 90 00 225 200 150 110
74 3 3 90 92.50 225 200 150 125
76 0 3 100 95.00 250 200 175 125
78 0 3 100 97.50 250 200 176 125
2 00 100.00 250 200 176 12:
gg § 2 10 102,50 250 225 176 122
84 2 10 1056.00 250 225 1756 150
8a on 2 10 107 . 50 300 225 175 150
88 00 1 3 10 110.00 300 225 200 150
90 00 0 2 10 112.50 300 225 200 150
92 00 0 32 25 115.00 300 250 200 150
994 00 0 1 25 117.50 300 250 200 150
268 00 0 25 120.00 300 250 200 150
98 000 0 25 122.50 300 250 200 150
100 000 0 25 125.00 300 250 200 150
105 000 00 50 131.5 350 300 225 175
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MOTOR WIRING AND
OVERCURRENT PROTECTION
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MOTORS

MOTOR WIRING AND
OVERCURRENT PROTECTION

Code letters referred to in the preceding tables are
those marked on motor name-plates to show the
motor input with the rotor locked. Following are the
values in kilovolt-amperes per horsepower correspond-
ing to the letters. This is a standard of the National
Electrical Manufacturers Association.

Kilovolt-Amperes

o ) with Toren Retar
S R T PR 0— 3.14
B ey . bl M e e ena ! 3.15— 3.54
€] rerraortroreseo I - e ae e 3.55— 3.99
D] YTt AR e B dev b A e 40 — 449
T T sw—— 45 -- 499
F oo R 5.0 — 5.59
G v . T - eareerTg s - SEEEEE 5.6 — 6.29
H e .. v g - (v PRARS « o 30« one 6.3 — 7.09
I e 1 e - s - - T 7.1 — 799
O e e 8.0 — 8.99
15 tvax® i - e b abt e 9.0 — 9.99
3L 10.0 —11.19
N 5. Wl . cenfarndbdndmrrathdradd 11.2 —12.49
B 30 . ond TI T 0 b SOyA Tmiili on e 12.5 —13.99
) i S W L g 14.0 —and up

High reactance squirrel cage motors referred to in
preceding tables are those designed to limit the start-
ing current by means of deep-slot secondaries or
double-wound secondaries. They generally are started
on full voltage v

Disconnecting Means

The disconnecting means (Fig. 13-1) shall be a
motor circuit switch, rated in horsepower, or a cir-
cuit-breaker, except as follows:

a. 15 Horsepower or Less. For stationary motors
of 1§ horsepower or less the branch-circuit overcur-
rent device may serve as the disconnecting means.

b. Two Horsepower or Less. For stationary mo-
tors rated at 2 horsepower or less and 300 volts or
less, the disconnecting means may be a general-use
switch having an ampere rating at least twice the
full-load current rating of the motor.

c. Exceeding 50 Horsepower. For stationary mo-
tors rated at more than 50 horsepower, the disconnect-
ing means may he a motor-circuit switch also rated in
amperes. a general-use switch, or an isolating switch.
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It is recommended that isolating switches for motors ex-
ceeding 50 horsepower, not capable of interrupting stalled-rotor
currents, be plainly marked *'Do not open under load.”

d. Portabie Motors. For portable motors an at-
tachiment plug and receptacle may serve as the dis-
connecting means,

Fesder Overcurrent

Protection
Feeder Conductors
From
Suoply
Motor Branch Circuit
Overcurrent Protection
/ Oisconnecting Means
Motor
Bronch- circuit
Conductors *Motor-running Over-
current Device
* Motor - Controlier
MOTOR
Secondary Circuit for
Wound - rotor Motors
Secondary Secondary ControMer

Circuit Conductors

Secondary Resistor

Winvelty mountod m
™ some cose

Fig. 13-1. Motor feeder and branch circuits, showing the
relative positions of overcurrent protection, disconnecting
énean)s, and controller units. (From National Electrical

ode).
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Carrying Capacity. The disconnecting means shall
have a carrying capacity of at least 115 per cent of
the name-plate current rating of the motor.

Grounded Conductors. One pole of the disconnect-
ing means may be placed in a permanently grounded
conductor if the disconnecting means is so designed
that the pole in the grounded conductor cannot be
opened without simultaneously disconnecting all con-
ductors of the circuit.

To Be Indicating. The disconnecting means shall
plainly indicate whether it is in the open or closed
position.

To Disconnect Both Motor and Controller. The
disconnecting means shall disconnect both the imotor
and the controller from all ungrounded supply con-
ductors. The disconnecting means may be in the
same enclosure with the controller.

Switch or Circuit-Breaker as Both Controller and
Disconnecting Means. A switch or circuit-breaker
of approved type may serve as both controller and
disconnecting means if it opens all ungrounded con-
ductors to the motor, is protected by an overcurrent
device (which may be a set of fuses) which opens all
ungrounded conductors to the switch or circuit-break-
er, and is of one of the following types:

a. An air-break switch, operable directly by apply-
ing the hand to a lever or handle.

b. A circuit-breaker operable directly by applying
the hand to a lever or handle.

c. An oil switch used on a circuit whose rating
does not excced 600 volts or 100) amperes, or on a
circuit exceeding this capacity if under expert super-
vision and by special permission.

The oil switch or circuit-breaker specified above may be both
power and manually operable. If power operable, provision
should be made to lock it in the open position.

The overcurrent device protecting the controller may be
part of the controller assembly or may be separate.

A compensator type of controller is not included above and
will require a separate disconnecting means.

Service Switch as Disconnecting Means. If an in-
stallation consists of a single motor. the service switch
may serve as the disconnecting means, provided it
conforms to the requirements of these rules, and is
within sight of the controller.

In Sight of Controller. The disconnecting means
shall be located within sight of the controller or be
arranged to be locked in the open position.

Motors Served by a Single Disconnecting Means,
Each motor shall be provided with individual discon-
necting means, except that for motors of 600 volts or
less a single disconnecting means may serve a group
of motors under any one of the following conditions.
The disconnecting means serving a group of motors
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shall have a rating not less than is required by the
first paragraphs of this section for a single motor
whose rating equals the sum of the horsepowers or
currents of all the motors of the group.

a. If a number of motors drive several parts of a
single machine or piece of apparatus such as metal
and woodworking machines, cranes, and hoists.

b. If a group of motors is under the protection of
one set of overcurrent devices as permitted by ap-
plicable rules.

c. If a group of motors is in a single room within
sight of the disconnecting means.

MOTOR HORSEPOWER TEST

The horsepower of a motor may be measured by
means of a Prony brake for speeds up to about 2,000
rpm and powers to about 10 hp., with an error of 1
to 5 per cent.

The Prony brake, as shown by Fig. 13-2, consists
of a pulley or drum driven by the motor, of wooden
blocks clamped with variable pressure by screws, and
of an arm extending from the blocks to a scale, pref-
erably of the platform type.

Q!é_"“" —@

e

Fig. 13-2

The first step is to support the upper block, with-
out the pulley in place, by a small rod at A while the
outer end of the arm together with its supports rests
on the scale. The weight now indicated by the scale
is to be noted, since it later will be subtracted from
the number of pounds indicated during tests. Note
should be made also of the length of the arm, in feet,
frcm the center of the pulley to the point of contact
with the scale.

With the motor running, and driving the puiley, the
brake blocks are gradually tightened to impose a
load on the motor. Simultaneous measurements are
made of the number of pounds indicated by the scale
and of the pulley speed in rpm, by using-a revolution
counter and stop watch or else some kind of tachom-
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REQUIREMENTS FOR SMALL A-C MOTORS
Single-Phase and Universal
(Federal Specifications)

Characteristics—Types Horsepower
w16 Y% B v %

Current, locked rotor,

amps.
At 110 volts 20 20 23 31 45 6l
At 220 volts 10 10 11% 15% 224 30%%

Torque, starting (% of

full-load)

Split-phase motors
60-cycle, 1725 rpm. 150 t50 90
60-cycle, 1140 rpm. 125 125 75
25-cycle, 1425 rpm. 125 125 75
Capacitor motors, high
torque
60-cycle, 1725 rpm. 300 300 300 300 300 275
60-cycle, 1140 rpm. 300 300 300 300 300
25-cycle, 1425 rpm. 300 300 300 300 300 300
Repulsion-start In-
duction
60-cycle, 1725 rpm. 350 350 350 350 350 350
60-cycle, 1140 rpn1. 300 300 300 300 300
25-cycle, 1425 rpm. 300 300 300 300 300 300
Power Factor, per cent
60-cycle, 900 rpm. 36 38 40 41 43 44
60-cycle, 1200 rpin. 43 46 49 S50 52 53
60-cycie, 1800 rpmn. 52 56 60 61 63 65
60-cycle, 3600 rpm. 57 62 66 67 69 72
25-cycle, 1500 rpm. 52 56 60 61 63 65
Efficiency, per cent
60-cycle, 900 rpm. 38 42 45 46 47 49
60-cycle, 1200 rpm. 45 49 53 54 55 57
60-cycle, 1800 rpm. 53 58 62 63 65 67
60-cycle, 3600 rpm. 45 49 53 54 55 57
25-cycle, 1500 rpm. 45 49 53 54 55 57

Speed, rpm. Synchronous Full-load
(minimum)
60-cycle, 8-pole 900 860
60-cycle, 6-pole 1200 1135
60-cycle, 4-pole 1800 1720
60-cycle, 2 pole 3600 3440
25-cycle, 2-pole 1500 1420
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eter. The net weight is determined by subtracting
from the indicated weight the weight previously
measured with the blocks supported by a rod.

Brake horsepower is equal to the product of the
arm length in feet, the revolutions per minute, and
the net weight in pounds, divided by 5250.

BHP = arm, feet x rpm. x net lbs,

The blocks usually are about as wide as 1% times
the motor shaft diameter. For air-cooled blocks the
pulley diameter in inches may be about 24 times the
horsepower of the motor, divided by the block width
in inches. With water cooling for blocks and pulley
the horsepower need by multiplied by only 5 to 10
times instead of 24.

Torque in foot-pounds is equal to the length of the
arm in feet multiplied by the net weight in pounds.
By applying enough clamp pressure to bring the mo-
tor to its normal running speed (synchronous minus
slip) the full-load torque may be determined. Clamp-
ing to prevent pulley rotation allows determining
locked rotor torque.

Locked Rotor Torque Standards

The locked rotor torque of normal-torque types of
squirrel cage induction motors (Classes A and B)
should be no less than the following percentages of
the running torque corresponding to rated load, when
the rated voltage is applied. This is a standard of the
National Electrical Manufacturers Association.

2-pole motor 150% 10-pole motor 120%
4-pole motor 150% 12-pole motor 115%
6-pole motor 135% 14-pole motor 110%
8-pole motor 125% 16-pole motor 105%

For low starting torque types of squirrel cage in-
duction motors (Classes E and F) the locked rotor
torque should he not less than 50% of the running
torque corresponding to rated load, with rated voltage
applied.

Checking the Speed of Induction Motors

Quite frequently the maintenance electrician may
need to determine the actual operating speed of an
A.C. induction motor, when no tachometer. or speed
indicator is available. In such cases one of the fol-
lowing simple methods may be quite convenient.

If a millivoltmeter is available, connect its ter-
minals to the ends of the shaft of the squirrel cage
motor, as shown at A in Fig. 13-3. If the motor is
of the slip ring type, connect the nieter leads to the
slip rings as shown at B.
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The meter will then indicate the low frequency in-
duced currents in the rotor and shaft, due to the slip
or difference in speed between the revolving magnetic

END VIEW
or 5ULLEY.

~
@ TF‘ LAMP,

field of the stator and the speed of the rotor. Each
complete cycle or forward and backward swing of the
meter needle will indicate a slip of one pair of poles.

Counting the number of swings per minute and
dividing this figure by the number of pairs of poles
in the machine will indicate the slip R.P.M, The
R.P.M. of the stator field may be determined by the
following formula: R.P.M. = 120 x frequency divided
by number of poles. Then subtracting the slip R.P.M.
from the field R.’. M. will give the actual motor speed.

Another method of determining the speed of A.C.
induction motors is by means of a stroboscopic prin-
ciple. Dlack and white sectors can be painted on the
end of the motor pulley, or on a card attached to the
pulley. See Fig. 13-3. Be sure to have as many black
sectors as there are poles in the machine. Then with
the motor running and the pulley shielded from other
sources of bright light, illuminate it with a 10-watt
lamp. or better still a 2-watt neon bulb, connected to
the same A.C. line as the motor.

On a synchronous motor the black sectors would
move forward one pole for each alternation. and as
they are illuminated by the lamp once during each
alternation. they would appear to stand still. On an
induction motor which operates at less than syn-
chronous speed due to the slip, these sectors will
appear to move backward or opposite to motor rota-
tion. Count the number of apparent backward revo-
lutions per minute and again subtract from the rotat-
ing magnetic field R.’.M, and the result will be the
actual motor speed.

I
L MILLIVOLTMETER.

Fig. 13-3
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ADAPTING INDUCTION MOTORS TO NEW
OPERATING CONDITIONS

The rate at which many industrial plants are ex-
panding their facilities for increased production is
creating new responsibilities and opportunities for
maintenance electricians. ’

Due to the difficulty involved in obtaining new
equipment fast enough to meet expansion require-
ments, idle electrical machines of the older types are
being rehabilitated and converted to use under changed
conditions. Motors out of service for yvears are heing
adapted to new operating conditions by reconnecting
or rewinding.

Every maintenance electrician should be alert to
opportunities to convert such idle equipment to use-
ful service.

The replacement of 25 cycle energy by a 60 cycle
supply presents the problem of adapting the existing
25 cycle motors to 60 cycle operation. Three methods
may be employed to accecmplish the above: First, a
change in applied voltage: second, a change in the
winding connections; third, a complete rewinding job.
The method ultimately employed in any given case
will depend upon the conditions.

By the first method, a 110 volt 25 cycle motor may
be operated from a 220 volt 60 cycle circuit, and a
220 volt 25 cycle motor can be connected to a 440
volt 60 cycle circuit. In both cases, the motor's speed
and h. p. rating will be approximately doubled. The
pefipheral speed of the rotor must be given considera-
tion in such a change, for, should the rim speed ex-
ceed 7.000 feet per minute, there is a possibility of
the rotor being unable to withstand the increased cen-
trifugal stresses. The speed of the machine driven
by such a motor may be maintained at its normal
value by reducing the size of the motor pulley to
approximately one-half its original diameter, or by
increasing the size of the driven pulley to twice its
original diameter.

The second change—that of reconnection—is de-
signed to enable the motor to operate at name-plate
rated voltage on 60 cycles. This method can be em-
ployed on motors that are designed to operate on two
voltages, such as 110-220 or 220-440. Thus a 110-220
volt 25 cycle motor may be changed to 60 cycle op-
eration at 220 volts by connecting it the same as for
operation on 110 volts, 25 cycles. H the leads are not
brought out, the internal sections of the windings
may be paralleled. For example, a 4 pole, 220 volt,
25 cycle motor, having all poles connected in series,
may he reconnected for a 220 volt 60 cycle circuit by
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having its poles connected two in series and the two
groups in parallel; similarly, a 25 cycle single-cir-
cuit-star motor can be converted to 60 cycle opera-
tion on the same voltage by changing the connection
to two-circuit-star. As in the previous examples, these
changes will be accompanied by doubled speed and
horsepower.

The last mentioned change—that concerned with
rewinding — is generally necessary when 25 cycle
motors have to be changed to 60 cycle operation with-
out any considerable change in speed. This means
that the motor must be wound for twice as many
poles when operating on 60 cycles. The general rules
for rewinding are:

Rewind the new coils for one-half the original coil
span, using the next larger size of wire, and eighty-
four per cent of the original turns. The winding con-
nection will remain unchanged; that is, if the original
wmdmg was series-star, the new winding will be con-
nected in a similar manner. With this arrangement,
the horsepower and speed will increase about twenty
per cent.

Sometimes a combination of speed and frequency
change may be accomplished without rewinding, but
such re-connections are rare, In general, the relation-
ship to keep in mind is that the number of turns in
series in any given phase or section of the winding
must be made to vary in inverse proportion to the
proposed change in frequency, and in direct propor-
tion to the change in voltage,

With induction type motors, a change in speed in-
variably involves a change in the number of poles set
up by the winding and, since this implies a variation
in the coil span, rewinding is usually required. For
example, to change the speed of a 1800 RPM motor
to 900 RPM on the same voltage and frequency, re-
wind the stator employing one-half the original coil
span and double the number of turns per coil. Wire
size must be halved and original connections pre-
served. If the motor was originally 4 pole series star,
the new winding will be 8 pole series star. Such a
change will maintain the original torque but will de-
crease the horsepower in proportion to the speed.
Changes from low to high speed demand considera-
tion of the depth of iron behind the stator teeth, as
a decrease in the number of poles increases the flux
in this area.

When windings are changed for. operation on a dif-
ferent voltage, frequency, or speed. it is important
that the flux density in both the teeth and the back
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iron will be unchanged. Low densities decrease the

torque and power; higher densities result in over-

heating.

When such changes are made the following should
be kept in mind:

1. Increase in the pumber of poles reduces the flux
per pole in inverse proportion,

2. Increase in the number of poles reduces the speed
of the rotating magnetic field in inverse proportion.

Thus when the number of poles in a winding is

doubled, the flux per pole is halved; however, the

total flux in the air gap is unchanged as there are

twice as many poles with one-half flux per pole. Con-

sequently, the torque developed is unchanged. But

the speed of the rotating magnetic field is halved and

the counter voltage is similarly reduced. The horse-

power developed will reflect a proportionate decrease.
Increase in the frequency raises the speed of the
rotating magnetic field and the counter-E.M.F. in
proportion. If voltage applied to the winding is
raised in proportion to the speed, the flux will re-
main constant. the torque will remain constant,
but the horsepower will vary as the R.P.M,

4. When the coil span of a winding with a given
number of poles is reduced, the C.E.M.F. generat-
ed by the winding is diminished in proportion.
Therefore the voltage applied to the winding must
be decreased.

Taking all changes into consideration a 25 cycle,
2 pole motor will, when changed to 4 pole, 60 cycle
with the same chord factor, have the same air gap
flux, ¥ the back iron flux, 1800/1500 of the original
speed and 1800/1500 of the original C.E.M.F. Since
the C.E.M.F. should approximately equal the applied
voltage the number of turns per phase will have to
be reduced to 1500/1800 of the original value or 84%.
Thus the machine should be rewound with 84% of
original turns and one size larger wire.

In some cases the problem is one involving a
change in the number of phases. As such changes
may affect both speed and h.p. output, it is impera-
tive that the ultimate results of the conversion be
understood before reconnecting or rewinding is at-
tempted. A modification not uncommon is the chang-
ing of a two-phase motor to three-phase opcration,
The possibilities associated with such a change will
now be considered.

The simplest change with regard to phase varia-
tion is the reconnecting of a two-phase series-con-
nected motor to three-phase series-star. When so
changed, however, the three-phase winding contains
25% more turns per phase than is required if the
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same value of line voltage is to be employed. In other
words, a two-phase series-connected 220-volt motor
will, when connected three-phase series-star, require
a voltage of 275 volts between lines if the sante volt-
age per coil is to be maintained. Since this is usually
impracticable, normal voltage per coil may be ob-
tained by cutting out one-fifth “of the coils; these
coils should be spaced around the stator as syimmmet-
rically as possible in order to avoid unbalanced phase
voltages. Furthermore, since the normal full load
current per line wire for a three-phase motor is 12.5%
greater than that drawn by the two-phase motor for
the same line voltage, it is evident that the three-
phase h.p. will be less than rated two-phase h.p. by
this amount. However, as the average motor will
withstand a 15% overload without injury. cqual *h.p,
on the three-phase connection may be obtained.

Due to the fact that the voltage impressed across
the insulation between phases may equal the line
voltage. motor manufacturers invariably place heavier
insulation on the coils at the ends of the pole phase
groups; therefore when a change from two-phase to
three-phase is made. the insulation on the phase coils
should be changed if the possibility of insulation
breakdown is to be minimized. This change, which
implies the insertion of extra insulation between the
pole phase groups, should always be performed
where conditions permit; however, where windings
have been heavily doped, this may be impractical. On
low voltage machines, it may be possible to cffect a
phase change that will perform satisfactorily without
the extra insulation nientioned, although the strain
on certain sections of the motor winding is increased,
and the possibility of failure enhanced.

A combined voltage and phase conversion fre-
quently made is the change from 440 volts two-phase
to 550 volts three-phase. Under these circumstances,
all stator coils are used effectively in both connec-
tions. the motor performing equally well under either
condition, One precaution that must be strictly ob-
served when making phase changes is the avoidance
of parallel circuits, particularly where such circuits
contain dead coils: for thce prevention of circulating
currents can be effected only if the voltages induced
in the parallel sections are not only cqual in value,
but also in phase with cach other. Thus it is possible
to have two parallel circuits in a phase. each con-
taining an equal nunmiber of coils, that will produce
excessive heating due to the differences in phase of
the induced voltages in the two apparently equivalent
sections. It follows that a careful consideration of all
of the factors affecting the ultimate distribution of
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current should be made bcfore a change in the con-
nection is attempted. as only by such a procedure can
unsatisfactory performance be avoided.

When a change in the number of phases is contem-
plated. consideration of the relation between the num-
ber of slots per pole in the original and the proposed
winding is essential, for a symmetrical winding is not
possible unless the number of slots per pole is divis-
ible by the number of phases. For example, if a 48
slot, 6 pole stator is to he converted from 2 phase to
3 phase operation, it will not be possible to get an
equal number of coils per phase in each pole, as the
number of slots per pole (8) is not divisible by the
proposed number of phases (3). As there should be
an equal number of coils in each phase, unequal coil
grouping—an arrangement employed to insure the
above requirement—must be used. The manner in
which the coils may be arranged to achieve a bal-
anced 3 phase winding in a 6 pole, 48 slot stator is
indicated in the following chart.

Phgse A Phase B PhaseC

1st pole 3 2
2nd pole 2 3 3
3rd pole 3 2 3
4th pole 3 3 2
Sth pole 2 3 3
6th pole 3 2 3
Total per phase 16 16 16

This niethod of obtaining a balanced winding is
frequently used where a change in the number of
phases 1s desired.

While this article does not cover all possible
changes, it does show how a nuniber of the frequently
desirable conversions may be effected. By carefully
foilowing the instructions given, many graduates
should be able to effect considerable savings and help
to avoid production delays by converting idle motors
ta active use,.

TERMINAL MARKINGS

The purpose of marking the terminals of electric
power apparatus with standardized letters, numbers
and other symbols is to aid 1n making correct connec-
tions between parts of the power system.

Standardized markmgs sponsored by the National
Electrical Manutacturers Association have been ap-
proved by the American Standards Association. These
standards apply to motors, generators, synchronous
converters and constant potentiai transformers. ‘The
markings are used oniy for terminals to which con-
nection must be made from outside circuits or from
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auxmar% devices which must be disconnected for ship-
ment. They are not intended to be used for internal
machine connections.

There i1s tne possibility of finding terminals un-
marked, or marked without any system, or marked
with some system other than standard. [here is the
further possibility that internal connections may have
been changed or that errors may have escaped de-
tection. It i1s advisable, therefore, before making con-
nections, to make the usual check tests for polarity,
equahity of voltage, phase relation and phase rotation
uniess it is known that the markings are correct.

Markings consist of a capital letter which indicates
the character or function of the winding which is
brought to the ternunal or indicates the external con-
nection which shourd be made. For example, the
letter S indicates a series held connection.

With the capital letters are used subscript numbers;
0, 1, 2, 3, ete. Following are the meanings of the
letters.

Rotating Apparatus and Control
(Except railway motors)

A Armature; brush on commutator,
B Brake
BF Booster field
BR Shunt brake resistor
C Commutating held
DR Dynamic braking resistor
F Shunt field
J Capacitor
L Line
M Brush on collector ring (except d-c field)
R Resistance, armature and miscellaneaus
S Serics field
T Stator (alternating-current only)
A% Resistance, shunt field adjusting
== Equalizing lead
o (subscript) Neutral connection
Railway Motors
A Armature (connected to brush holder)
AA Armature (connected to brush holder or to

commuting pole)

C, CC External leads when commutating field wind-
ings are not permanently connected to the
armature

D,DD Conmpensating field

F,FF Main field,

M Field control lead

MM Additional field control lead.

Uses of subscript letters in identifying opposite ends
of a winding, related parts, parts to be connected,
etc., are evident in following diagrams of motors
where terminal letters and numbers are shown.
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SINGLE-PHASE A-C MOTORS
Connections and Terminal Markings
SPLIT-PHASE TYPES
REVERSIBLE MOTOR, AUTOMATIC CUTOUT

Ts Ts

T‘

T 3 O
L. [

Stant | T, T~ | T,Ta

Run T,

)
Other direction rotation [ :lr.'T’ T.T.
4 1

One direction rotation

NON-REVERSIBLE MOTOR, AUTOMATIC
CUTOoUT

. 1O

REVERSIBLE MOTOR, MANUAL CUTOUT
Ts Te

S
. 30

L: |Open
— - San | T T-[ T T,
One direction rotation Ron Ty T |TT:

.. 0 Sant{ T T-{ T\ T,| —
Oxher direction rotation Ran (T [To I TT:

Fig. 13-4. American Standards

235



MOTORS

SINGLE-PHASE A-C MOTORS
Connections and Terminal Markings
SERIES TYPES

UNIVERSAL, NON-REVERSING,
NOT COMPENSATED

SERIES FlELD

Ay Ay

UNIVERSAL, REVERSING,
NOT COMPENSATED

A 2 S Sa

SERIES
WINDING

A, AJ
L, 1. |Tie logether

One direction rotation A 1S TAS
Ovher direction roation | Ay | S, | A.S:

INDUCTIVELY COMPENSATED,
SEPARATE STATOR WINDINGS

-
b
<

Yy

SERIES WINDING

Fig. 13-8. American Standards
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SINGLE-PHASE A-C MOTORS
Connections and Terminal Markings
SERIES TYPES

CONDUCTIVELY COMPENSATED,
SEPARATE STATOR WINDINGS

COMPENSAT I
WINDING

SERIES WINDING

) A2

CONDUCTIVELY COMPENSATED,
COMMON STATOR WINDINGS

Ay Az

CONDUCTIVELY COMPENSATED,
REVERSIBLE,

SEPARATE STATOR WINDINGS

: .

A2

L} L.:|Tie Together
Onc direction rotation [AV| S [S.w T &A:t0 T,
Other direction rotation] A, d: T & Azt |_

Fig. 13-6. American Standards
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SINGLE-PHASE A-C MOTORS
Connections and Terminal Markings
. REPULSION TYPES

SINGLE VOLTAGE
INDUCTIVELY COMPENSATED

T

. T

DOUBLE VOLTAGE
INDUCTIVELY COMPENSATED

T

T

T2

(]
3 I

I. .z Tie Together
Low Volage T.T T.T, | —~
High Voltage T Ta T.T,

REPULSION OR REPULSION START
SINGLE VOLTAGE, NOT COMPENSATED

T

-3

AAAA
wy

Ta

Fig. 13-7, American Standards
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SINGLE-PHASE A-C MOTORS
Connections and Terminal Markings
REPULSION AND INDUCTION TYPES

REPULSION OR REPULSION-START
DOUBLE VOLTAGE, NOT COMPENSATED

T

T'
T2
T
L: Tie Together

L,
Low Voltage T, T-T, | —
High Volage T, T, T.T,

" REPULSION OR REPULSION-START
SINGLE VOLTAGE, REVERSIBLE
T

: n

., | L:
One direction rotanon | T, T.
Orher direction rotation| T 1

' 4

INDUCTION TYPE, NON-REVERSIBLE,
WITH STARTING BOX

) T X
STARTING
L O
3
L, T
RUNNING T O
La
Ty

Fig. 13-8. American Standards
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SINGLE-PHASE A-C MOTORS
Connections and Terminal Markings
CAPACITOR TYPES

CAPACITOR START,
CAPACITOR RUN MOTORS

CAPACITOR START,
INDUCTION RUN MOTORS

Ts Te

-

Ts,

LOW TORQUE, CAPACITOR ONLY.

T8, START f‘

[ ety Al |

z i 8
5 ENCLOSURE—>| U '
[4 ) ]
T L-_.J_J

HIGH TORQUE, CAPACITORS
AND CONTACTOR

Te

T
51 START

1
t
1
:
)
i
'

&

L= €
L
hesreceermasd

ENCLOSURE-"]

Fig. 13-9. American Standards
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SINGLE-PHASE A-C MOTORS
Connections and Terminal Markings
CAPACITOR TYPES

T stamT [
s %
i 9 N
' {Y‘ 2
r4

H 10
2 b :
= H J ML ul i}
vy '
ENCLOSURE-"} ! w3

. HIGH TORQUE, CAPACITOR, RELAY

AND CONTACTOR

Ts

START &

NOTE-IF CENTRIFUGAL SWITCH (S

PERMANTELY WIRED TO
MOTOR,OMIT ITS MARKINGS

\‘1:.

L

Jy

booconnm o =

HIGH TORQUE, CAPACITOR &
CENTRIFUGAL SWITCH

b el

HIGH TORQUE, CAPACITOR START,
CAPACITOR RUN, TWO CONTACTORS

Fig. 13-10. American Standards
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SINGLE-PHASE A-C MOTORS
Connections and Terminal Markings
CAPACITOR TYPES

NOTE -JF CENTRIFUGAL SWITCH

1S PERMANENTLY WIRED TO
MOTOR OMIT ITS MARKINGS

CAPACITOR START, INDUCTION RUN
DUAL VOLTAGE

Ts ’

]
:
1
ENCLOSURE—7}
L e vy

CAPACITOR START & RUN, WITH DOUBLE
THROW CONTACTOR, TRANSFORMER
AND CAPACITOR

Ts T

L
T:
L3
T
ANY DUAL VOLTAGE MOTOR, SERIES OR
PARALLEL CONNECTIONS

Fig. 13-11, American Standards
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THREE-PHASE A-C MOTORS
Connections and Terminal Markings
VARIABLE TORQUE

Te
7 7
ST
5 %
| i | [Te
Speed | Ly Ls Ls 1 Open Together
Low Ty | Ty | Ty | TgTs T —
High Te | Ty | Ty | — [Ty, Ts, Ts
CONSTANT TORQUE
Te
b 7
% = %
’ l 1 | Tie
S L, Open T
Low | Ty | T, T3 |T¢ Te Te|———
High | Te | T4 Ts |— Ty, T2, T3

CONSTANT TORQUE

T

% 4 T
! l Tie
Speed | Ly Ly | Ly | O Together
Low Ty | Ty | TaTz | T4 Te, Te  —
T T1, T,
High Te Ty | Ts —_— Ts, Tz

Fig. 13-12. American Standards
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THREE-PHASE A-C MOTORS
Connections and Terminal Markings
CONSTANT HORSEPOWER

L
v 'i‘l(- o
Spei Ly L, J Ly | Open Together
T T4. T3, Te,
Lw [Ty |T, T3 | — T
High 'Tg | T¢ [TsT7 Ty, ToTs ' ~—

CONSTANT HORSEPOWER

‘e
% %

T 3

4 .

v Tie
Speed | L Lo Lj Open Together
Low Ty,  Ta T3 o Ts. T5 Te
RHigh 'Tg 1T, 'Ts Ty, To, T3 | —

3-SPEED —2 WINDINGS

5 Iy
T3
T T
2
Speeds 1 and 2 /) Speed 3 2
Tie
Speed | Ly La Ly Open Together
Taw T, T Ta, 17| Ty, T Ta
Ty, Tz
2nd I T, Ts = Ts, Ts
High | 'y | T | Tia — —
Fig. 13-13. American Standards
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THREE-PHASE A-C MOTORS
Connections and Terminal Markings

3.SPEED —3 WINDINGS

Ty
7 Ty
Ts 3
n
/] s
T T i o T |TieTo
Speed | Ly [_,!_ Ly  [Open gether
Ti1, Tiz, T1a Tﬂ.
|T1 T, 1T3 T21, Tez, Toa | —
Ty, T2, Ts
2od Ty TulTu. Tir Tar, Ty Ty |—

l Ty, T2, Ts

High |T¢. T2 T T, Tas, Tis, Tyg |—

4-SPEED — 2 WINDINGS

T

T
s

7

s
Speeds 1 and 3 Speeds 2 and 4
l 1 1 Tie

Speed | Ly | Lz |Lg | Open | Together
Low | T: ‘1‘,_' Ty | TeTeTe | —
zing_ “Tu | Tiz| Tia| Tie, T Trs —

Te T¢ Ts_ = T!! T2, Ts
Hx‘ [ Tie [ Tiel Tis | — o Tu. Tﬂ- Tis

Fig. 13-14. American Standards
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DIRECT-CURRENT MOTORS
Connections and Terminal Markings
SHUNT-WOUND TYPES

5 shuNr 2
FIELD

Az commFIELD

koA A,
NON-REVERSING COMMUTATING-
POLE TYPE

SHUNT 2
FIELD

Az comm FIELD

oA Az F2
REVERSING COMMUTATING-POLE TYPE

SHUNT F2
FIELD

ANA;
koA Az
NON-REVERSING NON-COMMUTATING-
POLE TYPE

SHUNT 2

FIELD

Az
F/ ﬂ/ /72 fZ
REVERSING NON-COMMUTATING-
POLE TYPE

Fig. 13-15, American Standards
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DIRECT-CURRENT MOTORS
Connections and Terminal Markings
SERIES-WOUND TYPES

Ay comMM  SERIES

FIELD FIELD

A “
REVERSING NON-COMMUTATING-
POLE TYPE

S; Sz
SERVES
FIELD
A Ay & S

REVERSING COMMUTATING-POLE TYPE

SERIES FIELD

A A
NON-REVERSING NON-COMMUTATING-
POLE TYPE

St p A A A2

A NAA, . SERIES
FIELD

A A S Sz
NON-REVERSING COMMUTATING-
POLE TYPE

Fig. 13-16. American Standards
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DIRECT-CURRENT MOTORS
‘Connections and Terminal Markings
COMPOUND-WOUND TYPES

VWWYWA—
£ sHunt R
FIELD

SERIES
FIELD

g A Az

NON-REVERSING COMMUTATING-
POLE TYPE

kA A S Sz f2
REVERSING COMMUTATING-POLE TYPE

sHunr 12
FIELD

Az SERIES FIELD

£ A Az

NON-REVERSING NON-COMMUTATING-
POLE TYPE

VWWWWA-
£ snunr  F2
FIELD

5 Sz

A A Isrp/ts nnol

£ A A 5 S2 Ffz

REVERSING NON-COMMUTATING
POLE TYPE
Fig. 13-7. American Standards
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MOTOR TROUBLES
SINGLE PHASE A-C MOTORS

Motor Fails to Start

Fuses blown
_Switch open
Connections broken

No line voltage
Wiring too small
Overloaded line
Motor too small

Rotor rubs on stator

Bearings tight or dry
Windings burned out

Examine fuses, switches and
connections between motor
and service. Look for broken
wires, loose terminal screws,
etc.

Test with voltmeter or test
lamp.

Low voltage or fluctuating
voltage at motor

Reduce the load

Put in new sleeves or bear-
ings, center the stator.

Lubricate, adjust if needed.

Indicated by local heating,
smoke, burnt odor

Heating Excessive

Overload

Grounds
Short circuits

Connections wrong

Rotor rubs on stator
Bearings worn

Bearings too tight
Belt too tight

Reduce the load

Check with circuit tester

Check with wiring diagram.

Check with feeler; repair or
replace bearings.

Adjust; put in new sleeves.

Vibration Excessive

Rotor unbalanced
Bearings worn

Drive out of line

Loose mounting
Pulley unbalanced

Belt heavy at some
spots

Remove and balance
Repair or replace

Align motor shaft with shaft
of load; shafts parallel, belt
at right angles to both,

Tighten
Balance or replace

Install new belt
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Sparking When Starting

Commutator dirty or  Clean and sandpaper.
rough

Brushes stuck, worn Clean, renew if necessary.
Commutator bars high Turn in lathe.
or low
High mica Undercut the mica
High starting load Reduce load or use different

type of starting control.

Onen circuit in stator Inspect, test and repair as
or rotor necessary.

Grounds or shorts

Poor connections

Line voltage high or Consult power company.
low

Sparking at Normal Speed

Dirty short-circuiting  Clean with carbon tetra-
device chloride

Governor sticks, or Clean and readjust
adjusted wrong

Speed Too High
Dirty short-circuiting ~ Clean with carbon tetra-
device chloride

Governor sticks Clean, adjust if needed

Speed Too Low

Overloaded Reduce the load.
Commutator dirty or Clean and sandpaper.
rough
Brushes worn, loose Replace brushes.
Brushes set wrong Adjust position.
Brushes sticking Clean, adjust or replace.
Connections wrong Check with diagram
Line voltage low or Reduce load on motor.
fluctuates

Wire gage too small Rewire. Causes low voltage,
especially when starting.
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Hums, But Does Not Start

Brushes worn
Brushes stuck

Brushes set wrong

Overload

Opens in stator or
rotor winding

Bearings worn

Line voltage high or
low

Connections dirty or
loose

Replace brushes.
Clean, adjust, or replace.

Adjust position; see marks
on frame or holders,

Lighten the load.

Test and repair.

Replace or adjust

Consult power company,

Examine all wiring, clean
tighten.

Starts Only With Rotor in Certain Positions

Open winding in stat-
or or rotor

Inspect, test, repair.
May be due to burned,
broken or loose internal
connections.

Gains Speed Slowly (Poor Acceleration)

Commutator dirty or
rough

Brushes worn or
stuck

Brush position wrong

Overloaded

Connections loose or
dirty

Low starting voltage

Clean and sandpaper,

Clean, adjust or replace

‘Readjust, check with marks

on frame or holders.
Reduce the load.
Repair, clean, tighten.
Power line may be over-

loaded, or of too small
wire gage.

Brushes Wear Rapidly

Commutator rough
Bars high or low
High mica

Overload (sparking)

Smooth with fine sandpaper.
Turn in a lathe.

Undercut the mica.

Reduce the load
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Low voltage - Check line voltage, wire size,
line loading.
Connections dirty or Clean and tighten.
loose (sparking)
Commutator out of Test; turn in lathe.
round

Snphhr

10.

11.
12.

13.

14.

15.
16.

) 78
18.
19.

7 oSy

MOTOR TROUBLES
DIRECT-CURRENT MOTORS

Fails to Start

Fuse out, causing an open circuit.
3rushes not making proper contact.
Line switch open.
Bearings “seized” due to lack of oil.
Motor overloaded. This will usually blow the fuse.
Open field circuit at the terminal block or in the
the starting box.
“No voltage” release magnet burned out.
Open armature or line connections, either at the
motor or controller.
Grounded winding, frequently blows the fuse.
Brushes not set on neutral point.
Armature wedged. Remove the wooden wedges
from air gap of new machines.
Dirty commutator or brush faces.
High mica insulation on commutator preventing
brush contact.
Field coils short-circuited or grounded. Will
usually cause excessive armature currents and
blow the fuses. '
Reversed field connections. Test for polarity with
a pocket compass.
Low voltage.
Pulley, gear, or coupling, may be tight against
the bearing.
Bent shaft, causing armature to stick on pole
faces.
Jadly worn bearings allowing armature to rub
field poles.
Burned out armature.

Starts Too Quickly
Starting box resistance too low for the motor.
Starting box resistance short-circuited.
Insufficient time allowed for starting.
Line voltage too high.
Series motor without enough load for the starting
resistance used with it
Too much resistance in field circuit.
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Rotation Reversed
Reversed field connections.
Brush connections reversed or brushes in wrong
position,
Compound motor connected differential and starts
in reverse direction from the series field. Speed
will be high and torque very low.
No field. Residual magnetism may start the mo-
tor in reverse direction on very light loads only.
Motor will not start under heavy load.
Wrong field connection in starting bhox. Arma-
ture resistance may bhe in series with the field.

Slow Starting and Weak Power
Low voltage.
Resistance of starting box too high.
Brushes off neutral, and will cause bad sparking.
Motor overloaded.
Heavy flywheel on driven machines.
Weak field due to resistance in its circuit.
Dirty or loose connections.
Dirty or loose brushes.
Brushes improperly spaced on commutator.
Armature defects, shorts, grounds or opens.
Wet armature or commutator.
Bucking or Jerking
Overloaded motor.
Reversed interpole polarity.
Loose field connections which alternately open
and close the field circuit and cause the motor to
run jerkily.
Wet or shorted field coils.
Defects or loose connections in starting box.
Overspeeds
Open field circuit, may cause dangerously high
speed.
Shorted or grounded field coils.
Load suddenly reduced on compound motor using
field control.
Brushes off neutral.
Shorted or grounded armdture conductors.
Line voltage too high,
Series motor overspeeds on light loads or no load.
Sparking at Brushes

Brushes or commutator dirty.

Rough or burned commutator,

High or low bars in commutator,

Commutator. out of round.,

Commutator segments shorted by carbon or cop-
per dust in the mica slots, or by solder bridged
across the bars,

High mica.

253



ONIBICST 1D

—t b
=Se ®oN

12.

13.

14,

MOTORS

Sparking at Brushes (Cont'd)

Brushes off neutral.
Wrong type of brushes.
Brushes poorly fitted.
Brushes stuck in holders.
Poor or unequal brush tension.
Weak field, due to short circuits or grounds in
the coils.
Reversed field coils.
Opens or shorts in armature winding. Opens
usually cause long blue sparks and shorts are gen-
erally indicated by yellow or reddish sparks. The
location of the defective coils will usually be in-
dicated by burned bars to which they are con-
nected.
Oil, grease or water on the commutator.
Unequal air gaps due to worn bearings.
Unbalanced armature winding.
Bent shaft which causes brushes to chatter,
Poor foundation, permitting vibration of the ma-
chine.

Overheating
Overloading will cause heat on both motors and
generators due to excessive current passing
through their windings and brushes.
Excessive brush friction and brush tension too
great.
Brushes of too high resistance,
Brushes off neutral.
Damp windings.
Excessive sparking at commutator, which may
cause enough heat to melt the solder and loosen
the armature connections.
Opens or shorts in armature winding.
Hot field coils caused by high voltage or short
circuits in the coils.
Field shunts loose or disconnected.
Windings shorted by oil-soaked insulation.
Hot field poles may be due to poor design causing
eddy currents in the pole shoes. Unequal air gaps
may cause field poles closest to the armature to
heat.
Hot bearings due to poor lubrication. May be
caused by poor oil, stuck oil rings, or clogged oil
wicks. Also caused by poor shaft alignment or
excessive belt tension.
Armature out of center with field poles, due to
worn bearings, Causes excessive currents in parts
of the armature winding and eddy currents in the
field poles. Bearings should be repaired imme-
diately.
Clogged ventilating ducts,
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15. Loose connections between armature coils and
commutator bars.

16. Weak field, not allowing sufficient counter-E.M.F.
to be generated to keep the armature current
normal.

17. Heat transfer through direct shaft connections
from air compressors, steam engines or other
machinery.

Normal operating temperatures of D. C. motors
should not exceed 40° C. above the surrounding room
temperature when operated at full load, or 55° C. at
25% overload for two-hour periods. If the machines
are operated at temperatures above these values for
any length of time, the insulation of the windings will
become damaged and eventually destroyed. Safe op-
erating’ temperature is about 140 to 150 degrees F.

Unusual Noises

1. Belt slapping due to a loose, waving belt.

2. Belt squealing due to belt slipping on the pulley,
caused by loose belt or overloads.

3. Brush squealing due to excessive spring tension,
hard brushes, or dry commutator surface. Appli-
cation of a good commutator compound will
usually stop the squealing due to a dry unlubri-
ctated commutator.

4. Knocking or clanking may be caused by a loose
pulley, excessive end play in the shaft, a loose key
on the armature spider, or a logse bearing cap.

5. Chattering vibration, caused by poor brush ad-
justment and loose brushes, hard brushes, or com-
mutator out of round.

6. Heavy vibration due to unbalanced armatures,
bent shaft, or loose foundations.

DIRECT-CURRENT MOTOR CONVERTED
TO ARC WELDING GENERATOR

Direct-current motors of 10 to 20 h.p. may be con-
verted into welding generators with little difficulty,
providing they are compound wound machines. Some
motors may be adapted to this application by install-
ing a series winding and providing separate excitation.
The most desirable type of machine for welding con-
version, and the one that presents the least difficulty
in making the change, is a 110-volt 10 h.p. or 15 h.p.
compound type motor. To adapt such a motor to
welding work requires two necessary changes:

First, change the armature winding from a simplex
to a duplex connection; second, reconnect the shunt
field coils, so that the normal voltage is imposed upon
each coil when 55 volts is applied to the field. (See
Fig. 13-18.) Changing the armature winding from
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simplex to duplex will half the armature voltage and
double its current carrying capacity. Reconnecting the
shunt field coils will insure normal field strength at
the reduced voltage. After the above changes have
been made, the 10 h.p. motor should deliver about 150
amps. at 55 volts, and the 15 h.p. unit will deliver
approximately 240 amperes.

Before any changes on the armature are attempted,
the winding should be carefully examined to see
whether it is lap or wave wound. If it is wave wound,
the current carryving capacity of the armature may be
doubled by changing the winding of a lap connection;
if it is lap wound, the connection must be changed
from simplex to duplex. Either of these changes
doubles the number of paths through the armature,
assuming the machine to have four poles, which is
usually the case for motors of 10 h.p. to 15 h.p. rating.
It is better, as a general rule, to change the winding
from simplex to duplex, regardless of whether it is
lap or wave wound, since this change involves but
little movement of the coil leads, and lessens the
chance of breaking the wires; morcover, this method
may be applied to either lap or wave windings.

%)

FIELDI COMWECTED FOR 1108

FIELOI COMECTED FOR X548

Fig. 13-18. The above diagram shows how the field coils may
be reconnected so as to maintain a normal field strength
on half the original voltage. The top drawing shows all four
coils connected in series and the drawing on the bottom
shows the two series groups connected in parallel with
each other. . . -
The change is made by raising all of the top coil

leads and moving them over a distance of one com-

mutator bar. This is shown in the sketches A" and

“B" of Fig. 13-19. Note that in sketch “A,” which
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shows the ordinary lap connection, the top lead “X”
is connected to bar 2; “Y"” is connected to bar 3; “Z”
is connected to bar 4; and so on. After the change,
the top lead “X” is connected to bar 3; “Y" is con-
nected to bar 4; and “Z” to bar §, as in figure 2B,
and so on for all the cther leads. This really amounts
to merely moving all the top leads over a distance
equal to one commutator bar. Note, too, that the
bottom leads are undisturbed.

The same procedure is employed with a wave wind-
ing, except that with this type an odd number of
commutator bars is sometimes employed. The odd bar
may be eliminated by joining it to an adjacent bar
and trcating thesc two as one bar; the extra coil in
this case must be left out of the circuit. In any case,
before such a change is attempted, a complete dia-
gram of the armature winding should be made, show-
ing the connections both before and after the change,
and the winding should be carefully traced.

SIMPLEX LAP

~ ‘\ i
Borrom ~,
LEADS £ADS

DUPLEX LAR

Fig. 13-19. The above diagram shows how the current capac-
ity of an armature may be doubled hy changing the coil
connections from simplex lap to duplex lap.

This procedure will eliminate the confusing mis-
takes that sometimes follow an attempted change of
this sort, as it is much easicr to check connections on
a diagram than on the actual machine.
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An easier conversion than the above may be ac-
complished by separately exciting the field from a
suitable D. C. source, such as a farm lighting plant,
and reconnecting the fields if necessary. With such
an arrangement at 15 h.p., 110-volt motor, will de-
liver over 200 amperes without any change in the
armature winding. Such a welder could be driven by
an engine of a Model “A” Ford, with some other
suitable engine.

Should the machine be a compound type, the series
field winding is usually connnected differential, al-
though both connnections should be tried, as, due to
the variations in design on different machines, it may
be found that the cumulative connection gives better
results.

Should the shunt field be separately excited, dif-
ferential connection of the series field would gen-
erally produce the most satisfactory results., To give
the welding circuit the falling voltage characteristic
that is essential to such applications, it is necessary
to place a resistor in series with the positive welding
lead. This resistor should be capable of carrying—
for reasonable intervals of time—the full load cur-
rent of the machine, and should, if the welder is to
be used on a variety of work, be adjustable. That is,
arrangement may be made to short circuit sections
of the resistors when heavy currents are carried. For
the 10 h.p. machine a %% ohm resistor tapped as
shown in figure 3, should be suitable, and for the
15 h.p. machine a 3 ohm unit tapped in a similar
manner may be employed. In case the arc is some-
what unsteady or uunstable, increasing the series re-
sistance will usually remedy the trouble.

b}
—
5
C
\l D}
D)
SWITCHES FOR
DIFFERENT HEATS
—
LerCrRO0r I
o B e———

Fig. 13-20. The above diagram shows how a resistance unit
consisting of several lengths of iron pipe may be used
with a welding generator. The diagram shows the positive
lead connected to the electrode but as previously explained,
this connection depends on the nature of the work.
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The resistor may be composed of 8 or 10 lengths
of % -inch iron pipe, screwed together and bent into
the form shown by Fig. 13-20. This arrangement is
compact and has current-carrying ability great enough
for the purpose. Moreover, should prolonged opera-
tion cause undue heating, arrungements can be made
for circulating water through the pipe.

With reasonable care in changing the connections
as explained, and with a little experimental adjust-
ment of the field strength and the load resistor,
these converted D. C. motors can often be made to
operate quite effectively as electric arc welding gen-
erators. Many profitable welding and repair jobs can
usually be found for such a machine,
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GENERATORS

Rotation and Current Direction. Extend the thumb,
forefinger and middle finger of your right hand so
that they are at right angles to one another, so that
each is at right angles to the other two. When your
forefinger points in the direction of magnetic flux
across armature or rotor conduoctors, and when your
thumb points in the direction of conductor movement,
your middle finger will point in the direction of cur-
rent flow through the conductor.

Speed and Frequency. A counductor in a generator
must always pass one pair of poles, or one north and
one south pole, to complete a cycle. Therefore, the
greater the number of poles in a generator the greater
will be the number of cycles it will produce per
revolution. The frequency of any a-c generator can
always be determined by the following simple for-
mula:

_RPM
f=—g%XN

In which:
f = frequency in cycles per second
RPM = revolutions per minute of generator
60 = no. of seconds per min.
N = no. of pairs of poles in generator
A-C Generator Terminal Markings. American
Standard terminal markings for single-phase genera-
tors are as shown by Fig, 14-1.
Three-phase a-c generators have terminal markings
like those for three-phase induction motors.
Two-phase a-c generators have terminal markings
like those for two-phase induction motors,

D-C GENERATOR TROUBLES

Failure to Build Up Voltage
1. Residual ficld lost or neutralized,
2. Reversed ficld.
3. Poor brush contact or dirty connmutator.
4. Open ficld cirenit due to loose connections or
broken wires. .
Field rheostat open or of too high resistance.
Series ficld reversed so it opposes the shunt field,
Shunts disconneeted or improperly connected.
Wet or shorted field coils.

ERERY
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9. Too heavy load on a shunt genecrator.

10. Residual magnetism reversed by flux from nearby
generators.

T
T2
i F2
Fig. 14-1
Poor Voltage Regulation

1. Loose field shunts or connections.

2. Poor regulation of engine speed.

3. Belt slipping (if generator is belt driven)

4. Brushes off neutral.

5. Improper resistance of field rheostat, or loose
connections at this rheostat.

6. Series field shunts not properly adjusted.

7. Overheated field coils.

8. Loose or grounded field wires between generator
and switchboard.

9. Armature out of center.

10. Brushes improperly spaced.

11. Weak field caused by short circuits or grounds
in the field windings.

12. Shorts, opens, or grounds in the armature coils.

13. Excessive and frequent variations in load.

14. Improper compounding.

Will Not Operate in Parallel

1. Poor speed regulation on prime mover, caused by
mproper governor adjustment,

2. Open equalizer connections.

3. Incorrect field shunts, open or loose field. connec-
tions, or weak fields.

4. Defective field rheostat.

5. Wet field coils.

6. Improper adjustment of series fields for com-
pounding etfects.

7. Extreme difference in size, causing the smaller
machine to be more respousive to load changes
than the larger machine.

8. Belt slipping, ou belt-driven generators.
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DIRECT-CURRENT GENERATORS
Connections and Terminal Markings

TWO-WIRE TYPES

SERIES FIELD .

Ay 4
SERIES GENERATOR WITHOUT
COMMUTATING POLES
SHUNT FIELD
i swonr " f2
FIELD £ ‘e
A LA COMM FIELD
+ =
A 4 —4; A A
4
SHUNT GENERATOR WITHOUT com ”‘;';gx;:}fgf;.ﬁ”’m L
COMMUTATING POLES

SHUNT FIELD

Fi suunr P2
FIELD

SERIES FIELO
S

4 5
'2 5,
COMPOUND GENER ITHC!
COMMI/I#I/:G POI.:!;- P COMPOUND GENERRTOR WITH
COMMUTATING POLES

b snunr F2
FIELD

A, :ﬂ' comMp comm

2

FIELD FIELD
ﬂ,+ A
SHUNT GENERATOR WITH COMPOUND GENERATOR WITH
COMMUTATING AND COMPENSATING COMMUTATING AND COMPENSATING

FIELDS FIELDS

Fig. 14-2. American Standards
Standard direction of shaft rotation is clockwise, facing end
opposite the drive.
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DIRECT-CURRENT GENERATORS
Connections and Terminal Markings

THREE-WIRE TYPES

A

fr  swunr - R

FIELD
4,04,

., =]

Ay My M, My My -ﬂ/
SHUNT GENERATOR WITHOUT COMMU-
TATING POLES

MWWV
£ swontFIED f2

HaLF OF oMM FIELD Az S HALF OF
COMM FIELD

ST

A2 My M My My
SHUNT GENERATOR WITH COMMUTATING

POLES
.wwvr FIELD

HALF OF HALF OF
SERIES FIELD SERIES FIELD
m Q 7 |~VW\"—|

S3 A2 My M: Mz Mg Ay Sz
COMPOUND GENERATOR WITHOUT

COMMUTATING POLES
SHUNT FIELD

HALF OF

+ =l = =3
S Sy Az My M, MMy A 5 7]
COMPOUND GENERATOR WITH COMMU-.-

TATING POLES

Fig. 14-3. American Standards
Standard phase and rotor rotation is clockwise, facing the end
opposite the drive.

264



GENERATORS — CONVERTERS —
RECTIFIERS i

DIRECT-CURRENT GENERATORS : ]
Connections and Terminal Markings

|
FARM LIGHTING PLANTS 1
!
1
!
\

% SHUNT
FIELD

L L

SHUNT GENERATOR

SHUNT GENERATOR

£ sHuNT F2
FIELD

STARTING
SERIES
FIELD

STARTING
SERIES

FIELD
A/ Az Sz i
4 & &R SHUNT GENERATOR WITH |
SHUNT GENERATOR WITH STARTING SERIES FIELD ;
STARTING SERIES FIELD 1
1
{

£ swunt
FIELD

Z \RUNNING  SIRRTING
SERIES SERIES
FIELD FIELD ‘

Ay
¢ |RunminG  STARTING
SERIES  SERIES
FIELD FIELD

) I3 Sk A S3
COMPOUND GENERRTOR WITH COMPOUND GENERRTOR WITH b
SIARTING SERIES FIELD STARTING SERIES FIELD

Fig. 14-4. American Standards
Standard direction of shaft rotation is counter-clockwise, fac-
ing the end opposite the drive.

9. Vanations in steam pressure, on generators driven
by steam engincs.
10. Defective voltmeter, causing operator to make
wrong adjustment.
Three-Wire System. A direct-current supply sys- i
tem in which the voltage from one wire, called the
neutral, to either of the others is half that which
exists between the other two wires. For example, ‘
the voltage from the neutral to either of the “outside |
wires” may he 110, and between the two outside wires
may be 220. See Fig. 14-5. 1
1
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Fig. 14-8

CONVERTERS

Converter. A rotating machine for changing elec-
trical enerkgy frem one form to another. A rotary
converter, a frequency converter, an inverted con-
verter, etc.

Synchronous Converter. A rotating machine for
changing alternating current to direct current, or di-
rect current to alternating current. There is a single
armature carrying alternating-current slip rings and
a direct-current conmmutator. .

Rotary Converter. A synchronous converter.

Inverted Converter. A synchronous converter for
changing direct current to alternating current,

Frequency Converter. A machine for changing one
alternating-current frequency to another frequency.

Dynamotor. A rotating machine for changing di-
rect-current voltages, or for changing direct current
to alternating current of desired frequency and volt-
age. There is a common magnetic circuit with two
armature windings and two commutators or scts’ of
slip rings.

Motor-Generator, An electric motor directly con-
nected to one or more generators for the purpose of
converting a power line voltage to other desired volt-
ages or frequencies. -
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Fig. 14-6. Diagram of the armature connections for a simple
two-pole, single-phase, synchronous converter. Note that
the slip ring connections are taken at points 180 electrical
degrees apart on the winding.

Fig. 14-7. A. Transformer connections for a single-phase con-
verter. B. Transformer connections for a two-phase, d a-
metric converter. C. Transformer connections for a two-
phase, adjacent tap converter. D. Transformer connections
for a three-phase converter. The armature connections in
all of the above diagrams are for two-pole machines.
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SYNCHRONOUS CONVERTERS

Connections and Terminal Markings

Note:

SEE DIRGRAN NGIE
FOR DXIRILS OF SHUNT
.. £ £ D CONNECTIONS .
£ 9 . ) 2

SHUNT 41D

ARMATURE
7, 7 %,
[ O
BrLAXER
Ae, l
M MM
£ % CO1LECIOR LERDS -

SHUNT-WOUNQ THREE -
PHASE SYNCHRONOUS CONVERTER
WITHOUT COMMUY TRTING FOLES

CEE DL RORAM NOIE
FOR Dl TAILS OF SHUN
Fig LONNEC .'IOIMS p—F
F 3

SHUNE FIELD

SERIES,

RRMATIRE
S, 'S,

RESISTANCE
rRIQD

o wouecror iraps = S
Ly CIRCUIT BRERKER |

COMPOUND-WOUND THREE -
PHASE SYNCHRONOUS CONVERTER
WITHOUT COMMY A 7'NG POLES

[ ;[l DIRGRAM KO TE
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! 2
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4

Al
L PLSis e
o REQD
1 s
'nun: [
g ""a ”s
405
,+ foururnu 05 J

SHIJN T-WOUND S1X-PHASE
SYNCHRONOUS CONVERTER WITH
COMMUTATING FOLES

For shunt field connections see Fig. 14-9

SEE DIRGRAM NOTE ]
FOR DETRILS OF SHUNT
- FIELD CONNECTIONS - l__,_
5 i 3

SHUNT TIELD

ARMATYRE

comm
1D

Ri315tanc)

‘e | *] (LT
I”[”l'

&-\

¥ " M My

14 tourc rop LEaps a

SHUNT-WOUNO THREE -
PHASE SYNCHRONOUS CONVERTER
WiTH COMMUTRING POLES

SEE DIAGRAN NOTE
FOR DF "A105 GF Swion™ |

-~ FIELD CONYEC na/v' ——
i — &
SHUNT FILLD
Conse
aemayRE PO SERILS

S, aid 5}
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N ——
I 78 REQUIRED
. &

R ‘IM‘,

COLLECTOR (ERD%

 CIRCY!T IREANER ‘2
COMPOUND-WOUND THREE-

PHASE SYNCHRONOUS CONVERTER
WITH COMMUTETING POLES
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] 1 3
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Fig. 14-8. American Standards
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SYNCHRONOUS CONVERTERS
Shunt Field Connections

"0 0¢ gusts row
Stnemars escitarion
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ZPDY FIELD DISCHANGE SETCN
FORSEPRATE EXCIIATION

b4
2 O
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b
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iy
V Mwesrir
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- Fig. 14-9, American Standards

209



GENERATORS — CONVERTERS —
RECTIFIERS

RECTIFIERS

Rectifier. A device which changes an alternating
current into a pulsating direct current. It may be a
vacuumn tube, gaseous tube, vibrator or copper-oxide
device.

Half-Wave Rectifier. A device which converts al-
ternating current into pulsating direct current by al-
lowing current to pass only during one half of each
alternating current cycle.

Full-Wave Rectifier. A device which rectifies an
alternating current in such a way that both halves of
each input a.c. cycle appear in the pulsating rectified
output.

Fig. 14-10. A. Shows a circuit of a simple half-wave rectifier
of the bulb type, and B shows the circuit of a full-wave
rectifier using two bulbs. @

Copper-Oxide Rectifier. A rectiner made up of discs
of copper coated on one side with cuprous oxide.
The discs allow direct current to flow in one direc-
tion but allow very little current flow in the reverse
direction.
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l ToAC Line I

Fig. 14-11. Circuit diagram of a bulb type mercury arc rec-
tifier used for battery charging purposes.

L]
]
]
1
I
1
AC
Lme
)
1
4
|
v

Fig. 14-12. Connection diagram of a full-wave, copper oxide

rectifier with four units connected in a “bridge” type
circuit.

ToAC Limes

Fig. 14-13. The above diagram shows the parts and connec-
tions of a simple mechanical rectifier of the vibrating type.
The synchronous operation of the contacts delivers pulsat-
ing D.C. to the battery circuit.
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BATTERIES
DEFINITIONS

Cell. A single unit capable of serving as a d.c. volt-
age source. A primary cell, such as a dry cell, cannot
be recharged when exhausted. A secondary cell, such
as the cell of a storage battery, can be recharged when
exhausted by passing a current through it in the
reverse direction.

Battery. Omne or more dry cells or storage cells
connected together to serve as a d.c. voltage source.

Primary Cell. A voltaic cell or battery cell in which,
when current is produced, the chemicals of the cell
elements are consumed or changed to such forms that
they caunot be restored to their original active con-
dition by sending a reverse current through the cell,
thus making the cell useless after having delivered a
certain number of ampere-hours of electricity.

Dry Cell. A primary cell having a zinc outer can
as 1ts negative electrode, a central carbon rod as its
positive electrode, and a liquid electrolyte of a small
quantity of sal ammoniac and zinc chloride held in
an absorbent lining and in a mass of powdered graph-
ite and manganese dioxide, these latter two materials
being the depolarizer. The cell is sealed. Its voltage
is approximately 1.5

Polarization. Reduction of the terminal voltage of
a cell, due to formation of hydrogen gas on the sur-
faces of the cell electrodes and to the accompanying
counter-emf produced in the cell,

Secondary Cell. A d.c. voltage source which is
capable of storing electrical energy. When exhausted,
it can be recharged by sending direct current through
it in the reverse direction. Each cell of an ordinary
storage battery is a secondary cell.

Storage Cell. A secondary cell. More specifically,
one of the cells of the ordinary automotive storage
battery, delivering a voltage slightly higher than two
volts and capable of being recharged.

Storage Battery. One or more secondary, or stor-
age cells connected together, usually in series.

Lead-Acid Battery. A storage battery in which the
plates for the cells have active magerials of sponge
lead and lead peroxide, and in wh?::’t' the electrolyte
liquid is a mixture of sulphuric acid and water. The
most common type of storage battery.

Electrolyte. The liquid or chemical paste which is
used between the electrodes of a dry cell or storage
battery.

273

P P G P

P P

e

PN Y

e S E—



BATTERIES

Hydrometer. A weighted hollow bulb with an ex-
tended graduated stem which, when partially im-
mersed in a liquid sinks to a level such that the
specific gravity of the liquid is indicated on the stem.

Specific Gravity. The ratio of the weight or mass
of a substance to the weight or mass of an equal
volume of pure water at the same temperature, or
sometimes at a reference temperature of four degrees
centigrade.

Sulphation. In a lead-acid storage battery, the con-
version during discharge of an excessive amount of
the active sponge lead and peroxide of lead into in-
active sulphate of lead.

Ampere-Hour. A current of one ampere flowing
for one hour. This unit is used chiefly to indicate
the amount of electrical energy a storage battery can
deliver before it needs recharging.

Alkali-Type Battery. A storage battery using an
alkaline or non-acid liquid electrolyte; an Edison
battery.

LEAD-ACID BATTERIES

Mixing of electrolyte should be done in an acid-
proof container of hard rubber, glass, earthenware,
or lead. A wooden paddle or glass rod should be used
to stir the solution. Don’t use metals for this purpose.

The electrolyte should be allowed to cool below
90° F. before being put in battery cells.

MIXING ELECTROLYTE BY VOLUME
WATER DILUTED ACID 35.0r. OF ELLCTROLYTE
ADO 3% PINTS OF DSTHAEOWATER | 70 § @AL. OF 1.400 ACID| POR 1.300 eLECTROLYTE
“ am = . 5 b wygm e w w| = yzeo o
“« g = IS o - R P "
L R L

"
PR TS - - " " -y i

The amount, by volume, of water and acid to be mixed to-
gether to produce battery electrolysis of four different
strengths.

BATTERY CONDITIONS INDICATED BY GRAVITY TESTS

:.ISO $p.Gn--=-m-- =-=--0EAD avrs arremes

213 Sp.6p-~c-ccnea /.CHA:!GE IN&‘I;I!:ATEQ 1

1.280-1300 $p.Gne ==~ - FuLL T
TEMPERATURE

1.200 Sp.Gr-- === -- FULL CHARGE } PRSI [l

1225 SnGne-noon- 0 9 BpmEpen

Conditions of charge indicated by various hydrometer read-
ings on lead plate storage batteries in different climates.
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MIXING TABLE
SPIGIFIC GRAVITY | PARTS OF WATER T0 { PART | percenTace
OF SOLUTION | OF C.P. SULPHURIC ACID |oF SULPHURIC
OR ELECTROLYTE| 1.835 SP. GR. AT TO'F. ACID IN
AT TOF.  IBY VOLUME |BY WEIGHT SEERIEN
1.120 8.00 4.40 17.40
1.150 8.5 3.38 21.40
1.180 4.95 2.70 25.20
1.200 3 2.36 27.70
1.220 3.84 2.09 30.20
1.250 322 1.76 33.70
1.270 2.90 1.57 36.10
1.280 2.7% 1.49 37.30
1.300 2.47 1.3 39.63
1,350 1.98 1,08 48.20
1.400 1.%8 0.84 50.50

The amounts, both by volume and by weight of water and
full strength acid which should be mixed together to pro-
duce electrolysis of different specific gravities.

Temperature Corrections. A convenient rule to use
in making temperature corrections when a correction
thermometer is not available but the temperature of
the battery or electrolyte is known is as follows:

For every three degrees above 70° F. one point is
added to the hydrometer reading, and for every three
degrees below 70° F. one point is subtracted from
the hydrometer reading.

For example, if we have electrolyte at a tempera-
ture of 100° F. and the hydrometer shows a reading
of 1.270, then the electrolyte temperature being 100°,
or 30° above 70°, we will divide 30 by 3 and find
that 10 points must be added for correction of the
hydrometer reading. Then 1.270 plus 10 = 1.280 or
the correct gravity reading.

Voltage Test. While the hydrometer test must be
used to determine the condition of the electrolyte and
is generally a rather good indication of the state of
charge of a battery, it is not altogether reliable for
this latter purpose.

There should always be a definite relation between
the voltage of a cell and the specific gravity of its
electrolyte, but in some cases the gravity of the elec-
trolyte may have been altered by adding strong acid
or by 1eplacing a large quantity of spilled electrolyte
with distilled water,

In either of these cases a gravity reading would
not be an accurate indication of the true condition
of the cell. So a voltage test made by connecting the
terminals of a low-reading voltmeter across a cell or
hattery is a more reliable means of determing whether
the battery is fully charged or not.
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The on-the-line voltage test is made while the
battery is connected in the charging line and charg-
ing. At the end of the charge or when the cell is
about fully charged the maximum cell voltage on
this test will be about 2.5 volts. This voltage indi-
cates a complete chemical change of the material in
the plates. Old batteries often do not rise above 2.3
volts per cell on this test duc to the negative plates -
retaining some of their lead sulphate.

Once the voltage of the cell reaches 2.5 volts there
can be no further rise of gravity since the plates are
free from lead sulphate. If the gravity is below or
above the full charge specific gravity of the cell it
should - be corrected by adding acid or water ac-
cordingly.

High-rate Discharge Test. The condition of auto-
motive batteries may be checked by discharging them
at a high rate for a few moments while voltage read-
ings are taken of each cell.

For making this test some form of high rate dis-
charge test set is gencrally used. These sets consist
of a variable resistance, generally of the carbon pile
type, an ammeter of sutficient capacity, and a volt-

b meter.

The discharge rate for making these tests is based
on the number of plates per cell. the usual rate being
20 to 25 amperes per positive plate, figuring only the
positive plates in one cell.

For example an ll-plate battery having eleven
plates per cell would haye 6 negatives and § positives
in cach cetl. As the discharge rate is based on the
number of positives the high rate discharge current
for testing such cells would be 5x20, or §5x25, or
100 to 125 amperes.

While the battery is discharging at this rate the
voltage of cach cell is measured separately, and if
the battery is in good condition and fully charged
the voltage should not drop below 1.75 or 1.78 volts
per cell during the test. This voltage drop is caused
by the heavy current Howing through the internal

tance of the cell

Cxcessive voltage dropanay be due to several causes
such as spongy or worn out plates. clogged separators,
or wrong -specific gravity of the electrolyte.

Thin and worn separators may also be the cause of
large voltage drop by allowing the plates to be short
circuited during heavy discharge tests.

The exact readings obtained on this test are not
as important as the difference in readings hetween
the several cells. A cell that gives a reading of more
than .1 volt less than the other cells is generally de-
fective and should be opened and examined.
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Sometinnes a high rate discharge test will cause
one cell to give a reverse reading which indicates that
the cell is shorted.

Cadmium Test. The cadmium test for lead-acid
storage batteries is applied by inserting a stick or
rod of the metal cadmium into the electrolyte, then
reading the voltages between the cadmium and the
positive plates and between the cadmium and the
negative plates.

Cadmium tests should be made only with the bat-
tery on charge at the regular charging rate. The test
lead to which the cadmium stick is attached should
always be counected to the negative terminal of the
voltmeter, while the plain test lead to be used on the
cell terminals is to be connected to the positive ter-
minal of the meter,

With the battery on charge the cadmium stick is
inserted through the vent hole of the cell cover until
it makes good contact with the electrolyte. The cad-
mium stick must not touch the plates and for this
reason many of these sticks are equipped with in-
sulating tips or with a perforated rubber tube over
their ends.

The cadmium should remain in the electrolyte for
a minute or two before taking the readings so that
a thin coating of cadmium sulphate will form on the
stick. The other test point can then be shifted be-
tween the positive and negative cell terminals to
make the tests,

By attaching it to the negative terminal the con-
dition of the negative plates can be determined, and
when it is in contact with the positive terminal the
condition of the positive plates can be determined by
the voltmeter readings,

Fig. 15-1 -
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With the battery on charge the voltage reading
between the cadmium stick and the positive terminal
will be about 2.4 volts if the positive plates are pure
lead peroxide or fully charged. See Fig. 15-1.

With the free test point on the negative terminal
a reading of .1 volt to the left of zero will be ob-
tained if the. negative plates are pure sponge lead or
fully charged.

If these two readings are added together their sum
should equal the reading of a voltage test taken from
positive to negative terminals. These voltages would
indicate that both positive and negative plates are
fully charged and in good condition.

If when making such a test the positive reading
was 2.4 volts and the negative reading to the right
of zero, the voltage of the cell would be obtained by
subtracting the negative reading from the positive
reading. Such a test would indicate that the negative
plates are in bad condition since they are not charged
while the positives are.

Charging Rates. There are two general methods
in use for charging batteries, one known as the con-
stant current method and the other as the constant
potential method.

The constant current method is sometimes known
as series charging, because all of the batteries are
connected in series and are all charged at the same
current rate regardless of their size or condition. With
this system about the same charging rate in amperes
is maintained from start to fimish of the charging
period.

Constant potential charging systems generally use
a motor-generator set for changing A. C. to D. C,
and all of the batteries are connected in parallel di-
rectly across the low voltage D. C. generator bus bars.
This system is sometinies called parallel charging, as
the batteries are all connected in parallel and each
battery forms an individual or separate circuit between
the positive and negative busses.

Charging rates depend largely on the size of the
battery and the type of equipment used. In commer-
cial charging it is not always practical to regulate the
current to ‘suit each individual battery and in cases
of this kind a rate is used that best suits the average
battery.

Where the charging current can be regulated a
good rule to determine the charging rate for any
certain battery is to start charging at 14 of its rated
capacity in ampere hours, and when it is a little over
one-half charged reduce this rate to one-half the start-
ing rate.
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For example, if the capacity of a battery is 80 am-
pere-hours, the charging rate at the start for constant
current charging would be 4 of 80, or 10 amperes
and the finishing rate about 5 amperes. The reason
for reducing the charging rate toward the finish of
the charge is to prevent overheating of the plates,
as the amount of lead sulphate and acid in the plates
and being worked upon by the charging current is
gradually being reduced. and the heavy charging cur-
rent would develop 'too much heat.

In constant current or series charging it is not pos-
sible to regulate the current to suit individual batter-
ies, since they are all connected in series and the same
amount of current flows through each.

The temperature of the batteries should never be
allowed to exceed 110° F. during charging and tem-
perature tests should always be made on a cell in the
center of the battery, as these cells tend to heat more
than the outer ones because of poor ventilation, due
to the fact that they are hetween the outer cells.

Constant Potential Charging. A constant potential
charger consists of a motor-generator set, the motor
bheing either D. C. or A. C. and designed for 110 or
220 volts, according to the available supply. and the
generator producing direct current at 7Y volts for
charging 6-volt batteries, or 15 volts for charging 12-
volt batteries.

When a completely discharged battery is placed on
a constant potential system the charging current at
the start may be 20 amperes or more but will rapidly
taper off as the battery voltage increases. dropping
down to as low as 2 or 3 amperes when the battery
becomes fully charged.

The charging rate is limited only by excessive heat-
ing, and when any battery overheats the charging
rate should be reduced by connecting a resistance in
series with one of the leads to that particular battery.
Convenient small resistance units equipped with a
clip at the lower end for attaching direct to the bat-
tery terminal are obtainable for this use.

When operating constant potential battery chargers
the following simple rules would bhe well to keep in
mind:

1. Batteries must be connected in parallel across
the bus bars, with the positive terminal of each bat-
tery connected to the positive bus and negative ter-
minals to negative bus. When the generator is idle
the main switch on the control panel must be opened
before connecting batteries.

" 2. When starting the machine the motor of the M-G
set is first started and allowed to come up to speed.
The voltage is then regulated by means of the gen-
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erator rheostat and is set at 7.5 volts for charging
6-volt batteries. This voltage adjustment is very im-
portant and must not be neglected.

3. When the voltmeter registers 7.5 volts the main
switch on the control panel can be closed, completing
the charging circuit and starting the batteries charg-
ing.

4. If it is necessary to stop the set for any reason,
first open the main switch on the control panel in
order to prevent the batteries from feeding current
back through the idle armature of the generator. It
is also advisable to disconnect the battery leads or
open the individual battery switches when provided,
and thus disconnect the hatteries from the bus bars,
or otherwise current will circulate between the bat-
teries. This is caused by the ones which are of higher
voltage or nearer to full charge discharging through
the ones that are of lower voltage or have not been
on charge as long.

DRY CELLS AND BATTERIES
LARGE DRY CELLS

Usual performance of one No. 6 dry cell; 2% inches
diameter, 6 inches high.

Continuous Discharge At 14 Ampere

End End
Hours Voltage Hours Voltage
10 1.30 50 1.00
20 1.22 60 .88
30 1.17 70 75
40 1.10 80 .58
Watt- End Watt- End
Hours Voltage Hours Voltage
5 1.25 15 1.00
10 1.15 20 70
Continuous Discharge To End Voltage
of 1.00 Volt
"Discharge Rate Total Discharge Hours for
Amperes Ampere-hours Discharge
0.1 26.0 26(0)
15 198 132
2 16.7 83
3 13.1 44
4 109 27
35 9.6 19
6 8.6 14v;
7 8.0 114
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FLASHLIGHT CELLS
Number of Continuous

Type Diam. Length Intermittent Discharge,
Inches Tests Minutes
A %x1% 12 25
B ¥ x2% 26 65
C 15/16 x 113/16 42 90
D 1% x 2% 100 380
E 14 x2% 150 550
F 1% x37/16 180 800-

Intermittent tests: Discharge through 4 ohmns for
S minutes each 24 hours. End volts = 0.75.

Continuous discharge: Through 4 ohms to end volt-
age of 0.75 volt.
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Section 16
SWITCHING AND CONTROL
DEFINITIONS

Switch. A mechanical device for opening and closing
an electrical circuit, or for changing the connections
between parts or circuits.

Single-Pole Switch. A switch having but one pair
of contacts, which will open” and close only one line
or one circuit.

Double-Pole Switch. A switch which simultaneously
opens or closes two separate circuits or both sides of
the same circuit.

Single-Throw Switch. A switch which opens and
closes in only one direction, which connects one line
or one circuit to only one other line or circuit.

Double-Throw Switch. A switch which opens and
closes in either of two directions, which connects one
line or circuit to -either of two other lines or circuits.

Three-Way Switch. A switch that connects one of
its terminals alternately to two other terminals, used
in a circuit for controlling a single load from two
different locations.

Four-Way Switch. A switch used in a circuit that
permits a single load to be controlled from any of
three or more positions. The switch has four ter-
minals which alternately are joined together in dif-
ferent pairs.

Knife Switch. A switch in which one or more flat -
metal blades, cach pivoted at one end, serve as the
moving parts. The blades are usually of copper; when
the switch is closed, they make contact with flat grip-
ping spring clips and complete the circuit.

Snap Switch. A switch in which movement of the
control member first places tension on a spring, after
which the spring tension is released to suddenly open
(and usually to suddenly close) the switch contacts.

Toggle Switch. A small ‘switch operated by means
of a lever.

Gang Switch. Two or more rotary switches mount-
ed on the same shaft and operated by a single control.

Drum Switch. A switch whose circuit-connecting
parts arc fingers held by spring pressure against con-
tact segments or surfaces carried on the outside of a
rotating cylinder or part of a cylinder.

Motor-Circuit Switch. A switch that will open the
maximum operating current of a motor, the switch
being rated in horsepower which is the same as that
of the motor.
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Isolating Switch. A switch intended for isolating an
electric circuit from the power source; to be operated
only when the circuit has been opened by some other
means,

Master Switch. A switch that governs the opera-
tion of a controller by actuating its contactors and
auxiliary devices,

Controller. Any device or group of devices govern-
ing the electric power delivered to apparatus to which
the controller is connected.

Full-Magnetic Controller. A controller in which
electro-magnets control all the basic functions such
as closing and opening the line circuit, reversing, re-
tarding and accelerating.

Semimagnetic Controller. A controller in which
part of the basic functions are performed by electro-
magnets and part by hand or other means.

Manual Controller. A controlier in which all the
basic functions (off, on, reversing, etc.) are performed
by hand operation.

Drum Controller. A controller which uses a drum
switch as its principal switching element.

Contactor. A magnetically operated switch for open-
ing and closing circuits carrying large currents.

Motor Starter. A hand-operated or magnetically
operated contactor or heavy-duty switching device for
opening and closing the circuit feeding a motor or
motors as the motors are stopped and started.

Relay. A device, usually electromagnetic, which is
itself operated by conditions in one clectric circuit,
and which effects operation of other devices in the
same circuit or another circuit.

Undervoltage Release. Means which, upon failure
or reduction of voltage, interrupts power to the main
circuit, but does not prevent again completing the
main circuit on return of voltage.

Undervoltage Protection. Means which, upon the
failure or reduction of voltage, interrupts power to
the main circuit and maintains the interruption,

Controller Duty. The length of time of operation of
a controller and the number of operations in a given
time period. Also the function of a controller; as
starting and stopping, reversing, speed control, etc.

Continuous Duty. A type of service in which the
electric machine operates at  substantially constant
load for an unlimited period.

Periodic Duty. A type of service in which there are
alternating periods of load and rest, with the load
repeating in a uniform manner and quantity.

284



SWITCHING AND CONTROL

THREE-WAY AND FOUR-WAY SWITCHES

Fig. 16-1. Approved method of using two 3-way
switches to control lamps or other. loads from two
places. Fig. 16-2. Another two-place control. Fig. 16-3.
One 4-way and two 3-way switches controlling loads
from three places. Fig. 16-4. One 3-way and two 4-
way switches control each load alternately from three
places.
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Fig. 16-1 Fig. 16-2

Fig. 16-3 Fig. 16-4
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MAGNETIC CONTACTORS

Fig. 16-5. Contactor is controlled by external knife
switch in control circuit. Magnet coil is between
points 1 and 2 in contactor.

Fig. 16-6. Contactor is controlled by push button
station with start and stop buttons. Two magnet coils
are in series in the contactor. Holding contacts be-
tween 1 and 2 in the contactor close and maintain
magnet circuit until stop button is pressed. (General
Electric diagrams).
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r 4
To” o
Control i
Lings 2

ToControl !
Lines ».2
Moster
Switch

To Motor CR2940 Push
ButtonStation
Fig. 18-8 Fig. 18-6

DIRECT-CURRENT MOTOR CONTROLS

Fig. 16-7. Principle of field control and armature
control. More field resistance mcreases the qpeed above
normal runnmg speed. Resistance in series with the
armature is used for starting and for speed control.
More resistance in series with the armature reduces
the speed helow normal.

LINE

FIELD RHEOSTAT

Fig. 18-7
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Fig. 16-8. Controller for starting and speed varia-
tion. Magnet M holds arm in any position from 1 to

6. Full-line arrows show armature current. Broken- °

line arrows show field current.

e MUare,

: ¢
— o
Line -

Figz. 16-8

Fig. 16-9. Speed regulating rheostat for shunt-wound
or compound-wound motors. The undervoltage device
releases the arm should voltage drop below a certain
value. (General Electric diagram).

. | Front View =
| Series Resigtor  Under-!
4 3 voltgqc]

L1

Lines

L1

V4
Se C
Field Fld Arm
(1fused) (it used)

Motor
Fig. 16-9
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Fig. 16-10. Speed regulating rheostat for shunt-
wound or compound-wound motors, with line con-
tactor in rheostat. Stop button between points 2 and 4.
Magnet coil between 2 and 3. (General Electric dia-
gram).
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Fig. 16-10
Fig. 16-11. Controller for starting and for speed
regulation by shunt field control only. Blowout coil,
marked B.O. Coil. Series field marked SERF. For
shunt-wound motors the series field coil is omitted.
(Westinghouse diagram).
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Fig. 16-12. Controller providing 50 per cent speed
reduction by armature control and 25 per cent speed
increase by shunt field control. For shunt-wound mo-
tors the series field is omitted. Blow-out coil marked
B.O. Series field marked SERF. (Westinghouse dia-
gram).
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Fig. 16-12
Fig. 16-13. Starter with carhon-pile resistor in ar-
mature circuit. Solid-line arrows show armature cur-
rent; broken-line arrows show shunt field current.
Field circuit includes holding coil M. When arm
reaches contact 2, carbon pile is short-circuited.
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Fig. 16-14. Automatic starter of solenoid type. Coil
S raises plunger P and contactor bar B to make con-
tact successively at 1, 2, 3 and 4 to gradually cut out
resistance, Push button station allows remote control,
Contacts A close to complete holding .circuit after
start button released.

=]

Fig. 168-14
Fig. 16-15. Magnetic controller with remote control
push-button station. Starting resistor is shorted out
by contacts IA. Temperature overload relay is marked
OL. (General Electric diagram).
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O

Fig. 16-16. Magnetic controller with push button
station for start-stop or for start-jog-stop. Shows lie
contactors, accelerating contactors and temperature
overload relay. (General Electric diagram).
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Fig. 16-17. Reversing a d-c motor with a double-
pole, double-throw knife switch connected between

the line and the shunt field.
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Fig. 16-18. Reversing a d-c motor with a three-pole
double-throw switch. The moving contact assembly is
operated by a lever. (General Electric diagram).
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16-18
Fig. 16-19. Principie ot dynamic braking. Full-line
arrows show normal direction of armature current
with line contacts closed. Broken-line arrows show
reversed field current with contacts L1 4nd L2 open,
and D1 and D2 closed. -
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Fig. 16-20. Drum controller for starting, reversing,
speed control and dynamic braking. Shunt-field re-
sistor taps numbered 1-18. First step closes armature
circuit through resistance, also field circuit. Then ar-
mature resistance cut out and field resistance cut in
to increase speed. Contacts D aud D1 are for braking.

Formard Reverse
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.’ 333333858

| L 12 €= F
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Fig. 16-20
Fig. 16-21. Cam-type drum switch for series-wound
motors. Armiature points are used for starting only.
Field points are for speed control. (General Electric
diagram)
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Fig. 16-22. Cam-type drum switch for shunt-wound
or compound-wound motors.
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MOTOR-GENERATOR FOR SPEED CONTROL

The variation in speed obtainable by field control
on the ordinary d-c motor will not, in the average
case, exceed 4 to 1 due to the sparking difficulties
experienced with very weak fields. Although the range
may be increased by inserting resistance in series
with the armature, this can be done only at the
expense of efficiency and speed regulation.

With constant voltage applied to the field, the speed
of a d-c motor varies directly with the armature volt-
age; therefore, such a motor may be steplessly varied
from zero to maximuimn operating speed by increasing
the voltage applied to its armature. Fig. 16-23 shows
the arrangement of machines and the connections used
in the Ward Leonard type of variable voltage control
designed to change speed and reverse rotation. The
constant speed d-c generator (B) is usually driven by
an a-c motor (A) and its voltage is controlled by
means of rheostat R. Note that the fields of both
generator (B) and driving motor (C) are energized
by an auxiliary exciter driven off the generator shaft.
Thus the strength of the motor field is held constant,
while the generator field may be varied widely by
rheostat R.
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R DRIYING MOTDRA
\

FIELD
REVERSING
SWITCH

4

CICITER

MOTOR C(DUPLED
g\R\'.C?LV TO GEN.
Y SHAFY,

Fig. 16-23

[

With the set in operation generator (B) is driven
at a constant speed by prime mover A. Voltage from
B is applied to the d-c motor (C) which is connected
to the machine to be driven. By proper manipulation
of rheostat R and field reversing switch S the d-c
motor may be gradually started, brought up to and
held at any speed, or reversed. The advantages of this
system lie in the flexibility of the control, the rela-
tively great range over which the speed can be var-
ied, the excellent speed regulation on each setting,
and the fact that changing the armature voltage does
not diminish the maximum torque which the motor
is capable of exerting since the field flux is constant.

As three machines are usually required, this type
of speed control finds application only where great
variations in speed and unusually smooth control is
desired. Steel mill rolls, electric shovels, passenger
elevators, large machine tools, large ventilating fans
and similar equipments represent the type of machin-
ery to which this method of speed control has been
applied.

Speed Variator. An a-c motor driving a d-c genera-
tor which, in turn, furnishes current for an adjustable
speed d-c motor. Generator voltage control is used to
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vary the speed. Fig. 16-24 is an elementary diagram.
The motor generator is started by means of a push
button. The d-c adjustable speed motor is started by
another push button and its speed is adjusted by a
potenticmeter-type generator field rheostat.
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ALTERNATING-CURRENT
MOTOR CONTROLS

Controls for alternating-current motors here are
grouped in four classes.

1. Line starters, across-the-line starters, or full-volt-
age starters, with which the full voltage of the
power line is applied when the motor is idle and
with which the motor is started with this voltage.
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2. Auto starters or compensators, with which a re-
duced voltage for starting is applied by means of
a special form of tapped transformer.

3. Resistance starters for squirrel cage motors, with
which a reduced voltage for starting is obtained by
means of resistors temporarily inserted in the mo-
tor circuit.

4. Resistance controllers for wound rotor motors, with
which reduced voltage for starting, and variable
voltage for power and speed control, are obtained
by means of resistors.

In a separate group are reversing controls and mis-
cellaneous controls.

LINE STARTERS

Fig. 16-25. Principle of magnetic starter, Magnet
which operates contactors is energized and de-ener-
gized by start-stop push buttons. T—thermal over-
load contacts. R-——thermal overload heater resistors.
Unit is for 3-phase 3-wire motors.

n
To Line “'lF Start

_ Step

Fig. 16-25

Fig. 16-26. Magnetic starter for 3-phase 3-wire mo-
tors. For 2-phase 3-wire circuit both phases of line
are connected to L-3, and T-3 is connected to both
phases or to common of motor. For 2-phase 4-wire
circuit one phase of line is connected to I.1 and L3.
The other phase of the line has one lead connected to
L2, with the other lead of this phase run directly to
a motor terminal, not through the starter. One motor
phase connects to T1 and T3, with T2 connected to
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the other phase lead that comes through the starter.
For single-phase circuit connect line to L1 and L3,
run a jumper from L2 to L1, and connect the motor
to T1 and T3. (General Electric diagram).
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Fig. 16-27. Magnetic starter with built-in start-stop
buttons. Overload releases marked O.L. If remote
start-stop push button station is to be used, renmiove
the lead at terminal 3 and reconmnect it at terminal 2.
The two start-button terminals then are connected to
terminals 1 and 2, while the two stop-button terminals
are connected to terminals 3 and 2. (Westinghouse
diagram).
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AUTO-STARTERS OR COMPENSATORS

Fig. 16-28. A hand or manually operated starter for
3-phase motors. For starting with reduced voltage
from the auto-transformer windings the moving con-
tacts are brought against the lower stationary con-
tacts. For running, the moving contacts are brought
against the upper stationary contacts, making a direct
connection from line conductors to motor terminals.
Overload relays are of plunger magnet type.
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Fig. 16-28
Fig. 16-29. Starter with thermal overload release.
Starting contactors are below, connecting to trans-
formers, Running contactors are above.
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Fig. 16-29
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Fig. 16-30. Magnetic auto-starter with push-button
control and motor-driven timing relay to regulate the
duration of the starting period. Starting and running
circuits in heavy lines, control circuits in light lines.
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Fig. 16-30
RESISTANCE STARTERS — SQUIRREL CAGE
MOTORS

Fig. 16-31. Magnetic starter, push-button operated.
Resistors are in series with each phase when starting
contactors (upper set) are closed, and are short-cir-
cuited when running contactors (lower set) are closed,
A definite-time relay of the pendulum type is fastened
to the line contactor and starts as soon as this con-
tactor closes. closing the short-circuiting centactors
after a definite time interval, (General Electric dia-
gram),
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Fig. 16-32. Magnetic starter, push-button operated,
with carbon pile resistors. Two push-button stations
control motor from two locatiens. Either start button
closes a circuit shown by light arrows through start-
ing magnet SM. Starting contactors close circuits
shown by heavy lines. “Stick contacts” are holding
contacts. Timing relay energizes running magnet to
close running contactors after starting interval.
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Fix. 16-32

WOUND ROTOR MOTOR CONTROLS

Fig. 1.6-33}. Principle of inserting resistances in the
rotor circuit or secondary circuit of motor. Line
switch for stator windings is marked A.
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Fig. 16-33

Fig. 16-34. Speed-regulating rheostat for wound
rotor motor. The CR-7006 switch, interlocked with
the rheostat, is a magnetic switch for the primary
or stator of the motor. It is actuated by the push-
button station similarly to the switch of Fig. 16-26.
(General Electric diagram).
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Fig. 16-35. Starting rheostat, showing connections
to rotor or secondary circuit of motor. A separate
switch (not shown) closes the stator or primary cir-
cuit for terminals T3, T2 and T1. Terminals 1, 2 and 3
are used only for magnetic primary switch: terminal
‘1 to holding circuit interlock terminal of switch, ter-
minal 2 to magnet coil in switch, and terminal 3 to
line control terminal in switch. (General Electric
diagram).
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Fig. 16-35

Fig. 16-36. Magnetic starter, push-button operated.
Upper contactors (LLE) are for motor primary or
stator. Secondary or rotor of motor connects at ter-
minals on contactors 2A to resistor terminals R5, R6
and R7 to place full resistance in circuit for starting.
After time delay, contactors 1A close to short-circuit
the resistor terminals R2, R3 and R4. After further
time delay contactors 2A close to short resistor ter-
minals R5, R6 and R7, thus cutting out all resistance.
Overload release with thermal coils is marked O.L.
(General Electric diagram)
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Fig. 16-37. Drum controller for wound-rotér motor.
Primary motor terminals (stator) are T1, T2 and T3;
secondary (rotor) are M1, M2 and MJ3. One phase
of the secondary is open on the first point of the
controller. Resistor steps R5-R6, R15-R16 and R25-
R26 are for resistance remaining permanently in cir-
cuit. If these not supplied, connect M1, M2 and M3
to RS, R15 and R25 as indicated by broken lines. For
higher starting torque, or for motors above 80 h.p.,
connect R1 to R11 at the resistor and finger marked
R1 on controller to. terminal R3 on resistors. (West-
inghouse diagrani).
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MISCELLANEOUS CONTROLS
Fig. 16-38. Reversing switch, 3-pole double-throw
type, for 3-phase motor. (General Electric diagram)
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Fig. 16-39. Reversing switch for 2-phase 4-wire
motor.
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Fig. 1639
Fig. 16-40. Reversing switch for single-phase motor
having a reversible winding.
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Fig. 16-41. Star-delta starting of squirrel cage motor
by means of 3-pole double-throw switch. Reduced
voltage starting with star connection obtained with
switch in upper position. In lower position, windings
connected in delta for running.
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Fig. 16-41

RESISTOR CLASSIFICATION

N.E.M.A. National Electrical Manufacturers Association

Control resistors are classified by numbers in ac-
cordance with the percentage of full-load current that
flows on the first control point and the portion of an
operating period during which current flows in the

resistor,
Per Cent Full-load Current
Time On on First Point

DUTY CYCLE | During 200

Interval 25 30 70 100 160 or

more

No. No. No. No. No. No.
30 sec.

during each 3.3% | 101 102 .103 104 105 106
15 nuns.
S sec.

during each 6.3% | 111 112 113 114 115 116
80 secs.
10 sec.

during each |12.5% | 131 132 133 134 135 136
80 secs.
15 sec.

during each |16.7% | 141 142 143 144 145 146
90 secs.
15 sec.

during each 25% | 151 152 153 154 155 156
60 secs.
15 sec.

during each | 33.3% | 161 162 163 164 165 166
45 secs.
15 sec.

during each 50% | 171 172 173 174 175 176
30 secs..

Continuous 100% 91 92 93 94 95 96

It is assumed that steps of resistance are cut out at
equal intervals during the time periods specified, also
that the average accelerating current does not exceed
1.25 times the full-load current. The table is based on
resistor heating during continued operation for one

hour.
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SELECTION AND INSTALLATION

Following are some of the important recommen-
dations of the National Electrical Code relating to
motor controllers, starters, switches, and all devices
normally used to start and stop a motor, all of which
are called controllers.

Alternating-current motor controllers or starters
must be capable of interrupting the stalled-rotor cur-
rent.

Rating. The controller shall have a horsepower
rating, which shall not be lower than the horsepower
rating of the motor, except as follows:

a. Stationary Motor of 14 Horsepower or Less.
For a stationary motor rated at 4 horsepower or
less, that is normally left running and is so constructed
that it cannot be damaged by overload or failure to
start, such as clock motors and the like, the branch-
circuit overcurrent device may serve as the controller.

b. Stationary Motor of 2 Horsepower or Less. For
a stationary motor rated at 2 horsepower or less, and
300 volts or less, the controller may be a general-use
switch having an ampere rating at least twice the full-
load current rating of the motor..

c.. Portable Motor of 14 Hrosepower or Less. For
a portable motor rated at !4 horsepower or less, the
controller may be an attachment plug and receptacle.

d. Circuit-Breaker as Controller. A branch-circuit-
type circuit-breaker, rated in amperes only, may be
used as a controller. When this circuit-breaker is
also used for overcurrent protection, it shall conform
to the provisions governing overcurrent protection.

Need Not Open All Conductors. Except when it
serves as a disconnecting means the controller need
not open all conductors to the motor.

In Grounded Conductors. One pole of the con-
troller may be placed in a permanently grounded con-
ductor provided the controller is so designed that the
pole in the grounded conductor cannot be opened
without simultaneously opening all conductors of the
circuit.

In Sight of Motor. A motor and its driven machin-
ery shall be within sight of the point from which the
motor is controlled, unless one of the following con-
ditions is complied with:

a. The controller or its disconnecting means is
capable of being locked in the open position.

b. A manually-operable switch, which will prevent
the starting of the motor, is placed within sight of
the motor location. This switch may be placed in
the remote-control circuit of a remote-control type
of switch.
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c. Special permission is g:ven by the authority en-
forcing this code.

Number of Motors Served by Each Controller.
Each motor shall be provided with an individual con-
troller, except that for motors of 600 volts or less
a single controller may serve a group of motors under
any one of the following conditions:

a. If a number of motors drive several parts of a
single machine or piece of apparatus such as metal
and wood-working machines, cranes, hoists, and sim-
ilar apparatus.

b. If a group of motors is under the protection of
one overcurrent device as permitted.

c. If a group of motors is located in a single room
within sight of the controller.

Adjustable-Speed Motors. Adjustable-speed motors,
if controlled by means of field regulation, shall be so
equipped and connected that they cannot be started
under weakened field unless the motor is designed
for such starting.

Speed Limitation. Machines of the following types
shall be provided with speed limiting devices, unless
the inherent characteristics of the machines, the sys-
tem, or the load and the mechanical connection there-
to, are such as to safely limit the speed, or unless the
machine is always under the marnual control of a
qualified operator.

a. Separately-excited direct-current motors.

b. Series motors.

c. Motor-generators and converters which can be
driven at excessive speed from the direct-current end,
as by a reversal of current or decrease in load.

Fuseholder Rating. The rating of a combination
fuseholder and switch used as a motor-controller shall
be such that the fuseholder will acccmmodate the size
of fuse specified in the tables of running protection
for motor wiring.

Grounding. Controller cases, except those attached
to undergrounded portable equipment and except the
lined covers of snap switches, shall be grounded re-
gardless of voltage.

Where grounding is required it is done in accord-
ance with the regular methods for grounding of con-
duit, armor, boxes and equipment.

Grounding Through Terminal Housings. If the
wiring to fixed motors is in armored cable or metal
raceways, junction boxes to house motor terminals
shall be provided. These housings shall be of ample
size to properly make connections, they shall be of
substantial- metal construction, and the armor of the
cable or the metal raceways shall be connected to
them as required by usual grounding practice.
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4

For a motgr of ¥4 horsepower or smaller, the junc-
tion box required by the preceding paragraph may be
separated from the motor not more than 6 feet, pro-
vided the leads to the motor are armored cable or
armored cord, or are enclosed in flexible or rigid
conduit or electrical metallic tubing not smaller than 4
3 inch electrical trade size, the armor or raceway 4
being connected both to the motor and to the box.
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Section 17
ELECTRIC HEATING

Heat is a form of energy which may be produced
from electrical energy, chemical energy, and mechan-
ical energy. Heat also may be transformed into other
forms of energy.

Quantities of heat energy are measured in a unit
called the British thermal unit, which is abbreviated
Btu.

One Btu of heat energy is the quantity which,
added to one pound of water, will raise the tempera-
ture of the water one degree Fahrenheit, or which
will lower the temperature one degree when removed
from one pound of water.

The number of Btu's of heat energy required to
raise the temperature of any substance by one degree
Fahrenheit is called the specific heat of that sub-
stance. The specific heat of water is 1.00. Specific
heats of other substances are given in the table.

When Btu = Btu's of heat energy
Ibs. = weight of substance, in pounds
SH = specific heat of substance

Td = change of temperature or difference
between temperatures, degrees F,

Btu's = Ibs, x SH x Td

Ibs. = Btu
SHxTd

Btu
Td = Ibs.x SH

Equivalent values of heat energy and of electrical
and mechanical energy may be found as follows:

Btu'sx 0.2928 = watt-hours

Btu's x 0.0002928 = kilowatt-hours
Btu's x 777.52 = foot-pounds

Btu's x  0.0003927 = horsepower-hours
Watt-hours x 3415 = Btu's
Kilowatt-hours x 3415. = Btu’s
Foot-pounds x  0.001286 = Btu’s
Horsepower-hours x 2547, = Btu's

Heating Power

The rate at which heat is produced usually is meas-
ured in Btu’s per hour, per minute, or per second.
Such rates of heat production correspond to rates at
which other forms of energy are produced or used.
For example, power in watts represents a rate per
unit of time at which electrical energy is produced
or used
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Heating rates and equivalent electrical and mechan-
ical power rates are as follows:

Btu's per hour x 777.6 = foot-lbs. per hour
Btu's per hour x 12,96 = foot-lbs. per min.
Btu's per hour x 0.2160 = foot-lbs. per sec.
Btu's per hour x 0.2928 = watts

Btu's per hour x 0.0002928 = kilowatts

Btu's per hour x 0.0003927 = horsepower
Btu's per min.  x 46656. = foot-lbs. per hour
Btu's per min. x 777.6 = foot-lbs. per min.
Btu's per min.  x 12.96 = foot-lbs. per sec.
Btu's per min. x  17.57 = watts

Btu's per min. x 0.01757 = kilowatts

Btu's per min. x 0.02356 = horsepower

0.07716 Btu's per hr.
Btu's per min,
Btu's per hr.

Btu's per min.

Foot-lbs. per min. x
Foot-1bs. per min. x 0.001286
Foot-lbs. per sec. x  4.630
Foot-Ibs. per sec. x  0.07717
x
x

o

Btu's per hr,
Btu's per min.

Watts 3.415
Watts 0.05692

fn

Kilowatts x 3415. = Btu’s per hr.
Kilowatts x 5692 = Rtu's per min,
Horsepower x 2546.5 = Btu’s per hr
Horsepower x 42.44 = Btu's per min.

The number of Btu's of heat produced in a con-
ductor, such as a resistor used for heating, depends
on the watts of power used in the conductor and on
the time during which the power is used, as follows:

Btu's = 0.05692 x watts x minutes
Btu's = 3.415 x watts x hours
Btu's = 3415.0 x kilowatts x hours

This heat will raise the temperature of the con-
ductor. As the conductor temperature increases, the
conductor will lose heat to its surroundings at an
increasing rate. The temperature of the conductor will
beconie stationary when its rate of heat loss becomes
equal to its rate of heating due to watts of power
expended in the conductor. Thereafter, heat will be
transferred from the conductor to its surroundings at
the same rate at which heat is put into the conductor
by the watts of power used for heating. This is the
basic principle of electric heating.
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SPECIFIC HEATS AND HEATING POWERS
Specific Heat Watt-Hrs.

Material Btu's per Lb. per Pound
per °F.
Air, 70°F, 50% RH................. 0.2434 0.0713
Aluminum 224 0656
Brass .089 026
Brick 22 064
Concrete 156 .0457
Copper .0918 .0259
Gasoline, kerosene . e .50 .146
Glass, window ..........ccocoemeeeee. 200 .0582
Granite 0571
Ice .148
Iron, cast .041
Lead .0088
Nickel 0325
Oil, machine ........ocoooeevceeeeenenn ] 117
Oil, petroleum .146
Porcelain 064
Tin ] 016
Water 1.000 2928
Wax, paraffin .ooeeoeeeeeeeenae.. .69 202
Zinc 094 028

Temperature

Temperature, in degrees, indicates the concentration
of heat energy in a substance. For any given material,
its temperature indicates the number of Btu's of heat
per pound of the material.

The greater the specific heat of a material, the more
heat is required to raise its temperature a given num-
ber of degrees, and the greater is the gain of heat
for any certain rise in temperature.

The temperature of materials having low specific
heats undergoes a greater rise with a given quantity
of heat than does the temperature of materials having
high specific heats.

Water has the highest specific heat. Consequently,
for a given change of temperature, water absorbs
more heat energy and gives up more heat energy than
any other substance. When one pound of water un-
dergoes a temperature drop of one degree, it gives up
enough heat to raise the temperature one degree in
about 55 cubic feet of air, or in 4.11 pounds of air.

Water Heating

The cost for heating water electrically is made up
of two parts.
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1. Kilowatt-hours required to raise the temperature
from the number of degrees at the inlet to the number
of degrees desired at the outlet, for the quantity of
water to be heated.

BLUE.

TOP
UNIT.

YELLOW.

toucu. 80TTOM
uNIT,
BLUE.
(”“;‘_"!’
' ez2222 | o
. 'eo '
'{ e uNIT.
RED.

t.:;;; 80TTOM
unIT,

Fig. 17-1. Circuits for water heaters employing two heating
units. At left, two single-circuit thermostats; allowing either
or both units to operate. At right, one double-circuit ther-
mostat preventing operation of bottom unit when top unit
is heating.
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2. A continuous power, in watts or kilowatts. needed
to compensate for heat lost from the hot water
through walls and insulation of the tank to air and
other surrounding materials. This is the ‘“stand-by”
loss.

Energy requirements for raising temperature are:

Ibs. water temperature
heated X rise dege. X 0.0002928 = kw-hrs.
-~ 7 ! "
If the constant is changed to 0.2928 the enengy is
given in watt-hours instead of in kilowatt-hours,

1 gallon water at 40° F. = 8.3451bs.
60° F. = 8.3351bs.

X 70° F. = 8.3311bs,

1 cu. ft. water at 40° F. = 62.428 lbs.
60° F. = 62.348 1bs.

70° F. = 62.318 Ibs.

In domestic heaters the water usually is raised to
150° F. as the outlet temperature.

With domestic and small commercial heaters the
stand-by losses, in watts per gallon of actual capacity,
should not exceed the following:

Rated size, 20 gallons = 3.5 watts

30 gallons = 2.9 watts
40 gallons = 2.4 watts
50 or more = 2.2 watts

These steady losses must be multiplied by the total
number of hours that the heater is operated in order
to find the total energy consumption in watt-hours.

An average family, four to five persons, usually is
assumed to use from 1,000 to 1,500 gallons per month
of hot water,

Example: What is the cost for heating 1,000 gallons
per 30-day month, from 40° inlet to 150° outlet, with
water kept hot all the time, when energy costs 2 cents
per kilowatt-hour? Assume a 30-gallon heater.

1,000 x 8.345 x (150 - 40°) x.0002928 = 219.9 kw-hrs,
2.9 x 24 (hrs.) x 30 (days) — 1,000 = 2.1 kw-hrs.
222.0 kw-hrs.

222 x 2 (cents) = $6.66

Air Heating or Space Heating

At a temperature of 70° F. and relative humidity
of 50% air weighs 0.0741 pound per cubic foot at the
average elevation of the larger cities of the United
States. This is equivalent to 13.5 cubic feet per pound
of air. The specific heat of such air is 0.2434. At the
rate of .0.2928 watt-hours per Btu, the energy for
heating this air is,
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Cl“sfg & :fs"e‘p;;:‘s“'e x 2434 x 2928 = watt-hours.

which reduces to,
Cu. ft. x degs. rise x .00528 = watt-hours

This gives the energy requirement only for heating
cold air that enters a space, and that escapes after
being heated.

Heat is lost from any enclosed warm space to sur-
rounding cooler spaces and objects at a rate usually
measured in Btu's per hour. The rate of heat loss
depends on many factors, such as temperature differ-
ences; thickuess, material and construction of en-
closures; -rate of air circulation, etc. By far the greater
proportion of the total energy required for maintain-
ing a temperature is due to these heat losses rather
than to the requirement of warming fresh air which
is expelled later.

The rate of heat loss, in Btu’s per hour, multiplied
by 0.0002928 gives the power in kilowatts required for
maintaining the desired temperature.

Process Heating

The total energy for heating batches of materials
consists of energy for raising the temperature, plus
energy to compensate for heat losses through con-
duction, convection and radiation from the heating
equipment and the material.

Pounds x Specific

heated heat

Losses, Btu’s hours of .

perbour ™ operation® 0.2928 = watt-hrs. added.

The losses in Btu's per hour seldom can be cal-
culated with much accuracy, so are best determined
by trial and measurement.

x 0.2928 = watt-hrs. per batch.
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ILLUMINATION

Light is a form of energy which is emitted by and
flows away from luminous bodies such as the sun
and various kinds of lamps. The flow of light energy
is called luminous flux. A light source may be thought
of as spraying luminous flux more or less uniformly
in all directions, much as a water sprinkler sprays
water. The total quantity of luminous flux may be
measured in lumens, just as total quantity of water
flow may be measured in gallons per minute.

A large surface at a given distance from a light
source will receive more luminous flux or more
lumens than will a smaller surface at the same dis-
tance. This is comparable to the larger flow of water
received by a large surface at a certain distance from
a spray head, and to the smaller flow received on a
smaller surface.

The intensity of a light source is measured in
candlepower; one candlepower being the intensity of
light from a standard candle. A source having an in-
tensity of one candlepower emits a total luminous flux
of 12.5664 lumens or about 12.57 lumens. If the one-
candlepower source is at the center of a hollow sphere
of one-foot radius, as in Fig. 18-1, there will be a
total flux of 12.57 lumens on the total interior surface
of the sphere. The total interior surface area of a
sphere of one-foot radius is 12.57 square feet, so on
each square foot there is one lumen of flux.

If one square foot of area is removed from the
sphere, one lumen of flux will pass outwardly through
this opening. This quantity of luminous flux will
spread out thinner and thinner as it mmoves away from
the opening, but no matter how thinly it spreads it
still is one lumen of flux.

Fig. 18-1. A source of one-candlepower delivers one lumen of
luminous flux through an opening of one square foot which
is one foot from the source.
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Foot-candles. The surface of the sphere in Fig. 18-1
would be uniformly lighted or uniformly illuminated
by one lumen of flux falling on each square foot of
the surface. The degree of lighting or illumination
produced by a flux ,of one lumen per square foot is
called one foot-candle. Supposing that the one lumen
of flux falls on surface A of Fig. 18-2; this surface
being one foot from the light source and having an
area of one square foot. The illumination on A is one
foot-candle.

If A of Fig. 18-2 is considered to be an opening
rather than a surface, one lumen of flux will pass
through this opening. At a distance of two feet from
the source the one lumen of flux will spread out to
cover area B. But area B is four times as great as
area A, so at B we have one lumen spread over four
square feet, or have one-fourth lumen per square foot.
This is an illumination of one-fourth foot-candle at B.
If the one lumen of flux is allowed to pass through
C, which is three feet from the source, the one lumen
will spread over nine square feet, and the illumination
will be one-ninth foot-candle. Illumination in foot-
candles is equal to lumens per square foot.

lumens
area in square feet

Foot-candles =

Lumens = foot-candles x area in square feet
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Fig. 18-2. The workings of the inverse square law applied to
a flow of light.
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Law of Inverse Squares. In Fig. 18-2 the three
areas A, B and C are respectively 1, 2 and 3
feet from the light source. Their illuminations are
respectively 1, ¥4 and 1/9 foot-candles.

The squares of the distances 1, 2 and 3 are, respec-
tively 1, 4 and 9. The illuminations on these areas
are equal to 1 divided by the square of the distance in
each case, or are inversely as the squares of the dis-
tances from the source.

The relative illuminations of any two surfaces
lighted by the samie source, and solely by that one
source, are always inversely as the squares of the
distances from the source. For example, consider sur-
faces at 12 inches and 16 inches from a source. The
squares of 12 and 16 are 144 and 226, The inverse
squares are 1/144 and 1/256, or 0.0004 and 0.0039, so
the illumination at 12 inches is proportional to 0.00064,
and at 15 inches is proportional to 0.0039.

INlumination Requirements

The degree of illumination at working surfaces and
in rooms and buildings used for various activities
usunally is measured in foot-candles, which are lumens
per square foot.

The accompanying table of Illumination Require-
ments lists minimum and desirable numbers of foot-
candles for many locations.

ILLUMINATION REQUIREMENTS

Foot-candles

Average practice for good illumination is shown
below. Locations not listed may be treated like listed
ones of generally similar purpose and use. The lesser
of two values indicates the minimum illumination,
while the greater one shows the desirable level. Max-
imums usually may be much higher.

Residential Buildings Stores
Living rocem, kitchen, Aisles 10-30
dining room. 10-20  Iuterior, general 30-40
Reading, writing, Counters, displays 50-100
sewing, etc. 10-30  Show windows 100-200
Bedrooms 5-10 Elevators, passenger 5-15
Stairs, passages 2-10 Factories

Pyblic Gathering Places Aisles 4-10
Auditoriums 5-10 Rough work done 10-20
Churches 2-10 Medium or close
Libraries 20-30 work 30-50
Gymnasiums 10-15 Very close work 50-100
Arenas, indoor 15-30 Inspection and
Card and game fine work 60-150
roonts 20-30 Stockrooms 15-30
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Dance halls, night

clubs 2-5
Schools

Auditoriums 10-20

Class rooms 15-60

Manual training,

etc. 20-60
Offices

Close work re-

quired 30-70

No close work 20-30

Private and general

Storage, dead stock 2-5

Garages 10-15
General
Wherever activities

few, or roughest

work done 2-6
Enough light only

for pleasing effect 10-15
General reading and
observation for

short periods 20-30
Close observation,

offices 30-60 inspection, etc., for

Drafting rooms  40-70 prolonged periods 35-70
Hotels

Lobbies 10-15

Dining rooms 10-20

Guest rooms 10-15

Wash rooms, etc. 4-10

The total number of lumens of flux required to light
any surface area to a desired number of foot-candles
is equal to the desired number of foot-candles multi-
plied by the number of square feet of surface.

surface area
in sq. ft.

foot-candles

Lumens __
desired

required

The source or sources of light must deliver more
total lumens than indicated by this formula because
not all of the emitted light reaches the surface to
be illuminated.

Coefficients of Utilization

Fig. 18-3, Coefhicients of Utilization, gives the frac-
tions of emitted -lumens which may be expected to
reach illuminated surfaces from various styles of lamps
and shades, in rooms of various proportions of width
and height, and with ceilings and walls which are
light, medium or dark in shade.

The left-hand column illustrates common styles of
reflectors. The second column shows how the light
output is distributed in a 90° downward angle, 45°
each side of vertical, and in the remaining space, 90°
to 180° in a generally upward direction.

The third column nsts ratios of room width to room
or ceiling height, which are determined by dividing
the width in feet by the height in feet. To the right,
and on lines with the various ratios, are the fractions
of the total flux which are useful for illumination.
Note that this table applies directly only to square
rooms, and that for oblong rooms it is necessary to
follow instructions at the top of the table to determine
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the fraction to be used. Ot the six columns of frac-
tions, three columns apply to light ceilings with light,
medium or dark walls; two are for medium ceilings
with medium or dark walls; and omne is for
dark ceiling and dark walls. The word light as used
here refers to light yellows or bright metallic surfaces

COEFFICIENTS OF UTILIZATION

This table applies to msullatmn in sgware rooms having sufficient lighting units symmet-
ncally arranged loz uniform itk To obtain the coeﬁoel! for any
e lar room, ind the v-luebusqu:re room of the narrow dimension snd add one-third
of the difference between this vatue and the coefficient for a room of the dimenmon.
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or their equivalent in light-reflecting ability; medium
is comparable ta light. pink or its equivalent; and dark
is comparable to green or its equivalent in reflection.

To find the total number of lumens actually needed
it beccmes necessary to divide by the coefficient of
utilization, thus,

Actual __ foot-candles x area in sq. feet
lumens coefficient of utilization

Lamps Required.—Acccmpanying tables for Incan-
descent L.amps and for Fluorescent Lamps list the
lumens outputs of lamps of wvarious ratings in watts.
If lamps of a certain wattage rating are to be used,

INCANDESCENT LAMPS
General Service Types
LIGHT OUTPUT AND CURRENT

Rated Lumens Amperes at
Watts approx. 110-v 115-v 120-v 125-v
15 145 136 131 125 120
25 265 227 217 208 200
40 480 364 .348 333 .320
60 835 .546 522 .500 .480
75 1150 682 .652 .625 .600
100 1600 909 870 833 .800
150 2600 1.36 1.31 1.25 1.20
200 3650 1.82 1.74 1.67 1.60
300 5750 273 2.61 2.50 240
500 9850 455 4.35 417 4.00

50 15000 6.82 6.52 6.25 6.00
1000 21000 9.09 8.70 8.33 8.00
1500 33000 13.63 13.04 12.50 12.00

Daylight (blue glass) bulbs of a given wattage
rating emit 65%, or approximately two-thirds, as much
light as lamps with clear glass or inside frosted bulbs.
Lumens in the above table may he multiplied by 0.65.

‘High- voltage lamps (220-260 volts) of a given wat-
tage rating emit about 85% as much light as 110-125
volt types.

FLUORESCENT LAMPS
LIGHT OUTPUT

Rated  Bulb Lumen Output
Watts Type Daylight White
14 T-12 390 475
15 T-8 525 585
15 T-12 450 525
20 T-12 760 860
30 T-8 1300 1450
40 T-12 1800 2100
100 T-17 3700 4200
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the number of lamips required will be equal to the
actual total lumens divided by the number of lumens
delivered by lamps of that size.

Lamps, nuinber __ actual total lumens
required “Tuniens per lamp

If the number of lamps is known in advance, the
size of the lamps, in lumen output, is equal to the
actual total lumens divided by the number of lamps

Lumens __ actual total lumens
per lamp ~  number of Tamps
Example

A library with floor size of 30 by 50 feet, and with
a 10-foot ceiling, is to be lighted with 200-watt incan-
descent lamps in semi-indirect fixtures with opal
bowls. The ceiling is light and the walls dark. How
many lamps will be needed?

From the table of illumination requir¢cments a library
should have 20 to 30 foot-candles. We shall figure on
30 to allow for drop-off in light as lamips age, and for
dust collecting in fixture bowls.

Using table of coefficients of utilization:

30/10 = ratioof 3. Coefficient = .38

50/10 = ratio of 5. Coefficient = .44

44 — 38 = .00 3 of 0.6 = .02

.38 4+ .02 = .40, the coefficient for this room.

Actual __ 30 (f-c) x 30 x 50 (feet) _ 112500
. =

lumens — 4

_From table of incandescent lamps; 200-watt size
gives 3650 lumens.

Lamps _ 112500 _ 30,8, Use 31 lamps.
required 3650

FLUORESCENT LAMPS

The fluorescent lamp, tubular in shape, contains at
each end an clectrode in the formm of a small coil of
wire (see Fig. 18-4). These electrodes are coated with
a material which has the property of freely emitting
electrons when heated. Electrons are necessary to
carry the arc current which passes through vaporized
mercury. Since mercury is a liquid at normal tem-
peratures, a slight amount of argon gas is used to
facilitate starting. A base is sealed to each end of
the lamp.

Fluorescent powders, called phosphors, are coated
on the inside of the bulb by a liquid washing process
followed by a heat treatment.
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All of the phosphors are white when not exposed to
ultraviolet radiations. Thus, the unlighted appearance
of most fluorescent lamps is identical. Exceptions are
the gold and red lamps in which it is necessary to
coat the bulbh with an appropriate pigment.

It is characteristic of all arc lamps that some
method must be provided for limiting the current
drawn by the discharge. Without a limiting device,
the current would rise to a value that would destroy
the lamp. This requirement for fluorescent lamps can
best be met by a device or auxiliary not incorporated
in the lamp itself. The necessity for an auxiliary
permits using that device to gain definite advantages
in lamp design and performance.

Auxiliary equipment for the present design of
fluorescent lamps serves 3 important functions, In
order, the equipment:
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(1) Preheats the electrodes to make available a

large supply of free electrons.

(2) P’rovides a surge of relatively high potential to

start the arc between the electrodes.

(3) Prevents the arc current from increasing be-

yond the limit set for each size of lamp.

For 15- and 20-watt lamps, an open-circuit voltage
of at least 100 is required; for 30-and 40-watt lamps,
the required open-circuit voltage is about 190. At these
voltages or higher levels, ordinary reactances (chokes)
or resistances will provide the necessary current lim-
itations. For distribution systems in the 110-125 volt
range, a transformer must be part of the auxiliary
equipment for 30-and 40-watt lamps. Usually this
transforimer and the required reactance for current
limitation are combined in one unit.

Lamps are automatically started by a starter switch
enclosed in a neon-filled glass bulb protected by a
metallic or fibre cover.

The switch is enclosed in a small glass bulb and
consists of 2 electrodes, one of which is made from
a bimetallic strip (Fig. 18-5). These are separated
under normal conditions and form part of a series
circuit through the lamp electrodes and the reactance.
Wtken voltage is applied, no current flows except as a
result of the glow discharge between 2 electrodes of
the switch. A heating results which, by the expansion
of the Dbimetallic element, causes the electrodes to
touch. This short-circuiting of the switch, which takes
1 or 2 seconds to be completed, allows a substantial
flow of current to preheat the lamp electrodes. There
is enough residual heat in the switch to keep it closed
for a short period of time for the preheating. With
the opening of the switch, the resultant high-voltage
surge starts normal lamp operation. If the lamp arc
fails to strike, the cycle is repeated.

The switch does not again glow (if the lamp arc is
established) since it is so designed that the remaining
available electrical potential is insufficient to cause a
breakdown between its electrodes. Thus, it consumes
no power and if the lamp is turned out, is available
for immediate restarting.

In the latest application of the glow switch the
switch and condenser are combined in a Fluorescent
Lamp Starter. (See Fig. 18-6). The Starter consists
of a glow switch and condenser which are enclosed
in a small aluminum container with contacts which
may be easily inserted in a Dbayonet-type adapter
socket. This socket may be an integral part of the
standard lampholder attached to it by a single screw
or merely connected to it electrically. Usually the
Starter is so placed that it projects through a hole
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in the lamp reflector and becomes as readily replace-
able as the lamp itself. The switch provides the lamp
electrode preheating and the starting surge; the con-
denser suppresses radio interference. Since the switch
is designed to operate between critical voltage limits,
the proper starter must be used for each particular
lamp to insure satisfactory starting.

The Ballast is a current-limiting device consisting
of a reactor or high reactance transformer enclosed
in a metal case.

In general, best lamp performance is obtained when
line voltage is kept within the rating limits of the
auxiliaries. At either under- or overvoltage conditions,
the lamp electrodes do not operate at their greatest
effectiveness. At lower voltage, electrodes do not reach
high temperatures and they are overworked, while
overvoltage causes excessive heating that quickens the
loss of emissive material. The result in either case is
shortened life accompanied or preceded by excessive
blackening. Also, high voltage may overheat the
auxiliary while under-voltage may cause uncertain
starting.

Auxiliaries must be designed specifically for par-
ticular frequencies. Equipment designed for 60 cycles
should not be used on 50 cycles, nor is the reverse
satisfactory. Operation at frequencies less than 50
cycles, seriously increases the problem of stroboscopic
effect and, therefore, standard equipment is not avail-
able.

The reactor or high-reactance transformer used
with fluorescent lamps produces a definite “out-of-
phase” relation between voltage and current which
results in a power factor of about 55%.

Since low power factor in fluorescent lamps is pri-
marily a result of the reactance, it may be raised by
the addition of a condenser to the circiit. The exact
rating of the condenser depends on the degree of
correction desired and the size and number of lamps
to be balanced.

The single lamp ballasts with power factor correc-
“tion and the 2-lamp auxiliary already described are
particularly effective since power factor correction is
an integral part of each unit. Wiring connections to
be made are at a minimum, while, at the same time,
the over-all efficiency of the light source is increased
through the reduction of electrical losses.

The fluorescent lamp is basically an A.C. lamp and
while adaptable to D.C. cannot be expected to give
equal performance. All published ratings are based
on A.C. operation.

It is characteristic of all A.C. light sources that
there is some variation in light output dependent on
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the cyclic variations of the current. With incandescent
lamps, this is negligible since the filament- retains
enough heat to compensate for the variation of the
current throughout each cycle. With fluorescent
lamps, the carry-over of light is dependent wholly on
the phosphorescent qualities of the coating. This
characteristic of the phosphors varies considerably.
The phosphor used in the green lamp has the bright-
est carry-oyver, while the phosphor for the blue has
the least.

Since very frequent starting will affect the life ad-
versely, fluorescent lamps are not recommended for
services of a type similar to the flashing of lamps
in signs.

Noticeable blackening prior to 750 hours is generally
caused by improper operating conditions (voltage,
bulb temperature, choke characteristics, starter de-
fects, etc.). Trouble from such conditions can be
found by investigation and must be corrected for best
service.

MERCURY VAPOR LAMPS

The mercury vapor lamp is made for use on D.C.
or A.C. circuits of 95 to 125 volts, but the lamps for
A.C. operation are constructed differently than those
for D.C. circuits, and should therefore not be con-
nected on D.C. circuits.

These lamps consist of the mercury tube, an auto
transformer, an inductance coil, a mercury switch
(shifter switch), three resistors, the frame and cover.
See Fig. 18-7.

The auto transformer serves to step up the woltage
to about 235 volts across the tube anodes. About 135
volts is applied to the tube between either anode and
cathode. This transformer is tapped for adjustment
for various line voltages as the lamp will not operate
properly if the voltage is too low or too high.

The induction coil supplies a momentary high volt-
age impulse of about 4,000 volts to the starting band
and cathode to excite the surface of the pool of
mercury to start the lamp. This action is produced
by the application of this high voltage to a sort of
condenser formed by the pool of mercury inside the
lower end of the tube and the metal band around the
outside of the glass tube at this point.

The high voltage impulse from the inductance coil
is produced by the mercury shifter switch quickly
breaking the circuit through the coil. This switch is
magnetically operated by the flux of the core of the
inductance coil when the lamp is turned on. After the
lamp starts this switch is held open by the magnetism
produced by the continual current flow through the
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coil. This inductance coil also scrves to smooth out
the current flow and maintain voltage on the tube
during zero periods of each alternation,

The ballast resistors, R1 and R2, in series with the
anodes, increase their resistance as their temperature
is increased by an excess voltage and current, thereBy
protecting the lamp tube from moderate over-voltages.

L3

HoE
A.C.. MERCURY SW.
e
+
ANODES
STARTING BAND .. >
CATHODE TERMINAL- <

Fig. 18-7

SODIUM VAPOR LAMPS

The sodium vapor lamp (Fig. 18-8) produces a
mono-chromatic (one color) light in the yellow band,
which permits unusually clear vision of objects along
highways at night, and of metal objects in shops. The
efhiciency of these lanips is about 45 lumens per watt
or about 3 times that of ordinary mazda lamps. This
type of lanip is unsuited for ordinary indoor general
illumination hecause the yellow light makes people
and objects appear gray.

In its construction godium vapor is used in an evacu-
ated tube, and when an electric current at low voltage
is passed through this gas it causes it to glow with
a brilliant golden light. The lamps operate on from
2 to 28 volts with a current of 5 to 10 amperes.

For alternating current service they use a pair of
anodes (positive clectrodes) and a pair of cathodes
(negative clectrodes) located in opposite ends of the
gas-filled tube as showu in the diagram. The cathodes
or filaments are heated to throw off electrons needed
to establish the arc through the gas. A small amount
of neon gas is included with the sodium vapor to
make it casicr to start the arc, This causes the lamp
to give off a reddish light during the first few minutes
of operation, The sodium vapor lamp also has an
outer glass envelope or encloser to retain the heat
required to produce the maximum lighting and effi-
ciency.
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A special transformer as shown in the diagram is
needed to supply the proper voltages for the filaments
and arc electrodes. The filament circuits can be traced

N

FILAMENT L ARC DISCRARGE | FILAMENT
WINDING WINDING WO &

I PRIMARY |

Fig. 18-8

separately from the arc circuit. On one alternation

the arc current flows from terminal A to top anode,

through gas to lower cathode or filament and back

to terminal B. On the opposite alternation, arc cur-

rent flows from terminal B to lower anode, through

gas to upper cathode and back to terminal A,
Installation of Lamps

Following are extracts from recommendations of
the National Electrical Code relating to lampholders
and to the computation of feeder loads for illumina-
tion service. A lampholder (called by many a socket)
is a screw shell device for receiving the screw base
of an incandescent lamp or other part with a similar
screw base, and for making electrical connections to
the part thus held.

L.ampholders shall be classed according to diameters
of lamp bases, as Candelabra, Intermediate, Medium,
.Admedium, and Mogul base; having respectively %
inch, 21/32 inch, 1 inch, 11/16 inch, and 1% inch
nominal sizes, with ratings, as specified in the fol-
lowing table:
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RATINGS— RATINGS—
SWITCHED UNSWITCHED
Max. Amp.
Max. Amp. at any
Nominal at any ¢ Volt-
Class Diam. Watts Volts Voltage Watts Volts age

Candelabra .... W in. 75 125 ¥ 75 125 1

Intermediate .21/32in. 75 125 34 75 250 1
Medium ........ 1 in 250 250 284 660 250 6
o 660(a) 250 6 660 600
Admedium .. ..11/16in. 660 250
Mogul ...... ..1% . 750 250 1500 250

1500 250 1500 600

(a) This rating may be given only to lampholders having a

switch mechanism which produces both a quick “‘make” and a
quick *“bréak” action.

Miniature lampholders and receptacles having screw-shells
smaller than the Candelabra size may be used for decorative
lighting systems, Christmas-tree Lighting Outfits and similar pur-
poses.

Lampholders in clothes closets shall be installed
on the ceiling or on the wall above the door. Drop
cords shall not be installed in clothes closets.

If portable lamps, supplied through flexible cords,
can come in contact with inflammmable material, the
lamipholder shall be equipped with a handle and sub-
stantial guard. The guard shall be attached to the
lampholder or to the handle. Similar equipmen: shall
be used to protect portable lamps from breakage.

If used on unidentified 2-wire circuits tapped from
the ungrounded conductors of multi-wire circuits, the
switching devices of lampholders of the switched type
shall disconnect both conductors of the circuit.

Receptacles of the screw-shell type shall be installed
only for use as lampbholders.

If a lampholder is attached to a flexible cord, the
inlet shall be equipped with an insulating bushing
which, if threaded, shall not be smaller than nominal
3% inch pipe size. The edges of the bushing shall be
rounded and all inside fins removed in order to pro-
vide a smooth bearing surface for the conductors.

Bushings having holes 9/32 inch in diameter are suitable for
use with plain pendent cord and holes 13/32 inch in diameter
with reinforced cord.

Computation of Feeder Loads. The computed load
of a feeder shall be the sum of the computed loads as
determined for branch circuits in accordance with the
rules for such circuits, subject to the following pro-
visions:

The feeder load for general illumination in the fol-
lowing occupancies shall be computed according to
the wattage per square foot specified:

Occupancy Watts per
Square Foot

)
.25

Industrial Commercial Loft Buildings.......
(Garages, Commercial
Storage Warehouses
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Demand Factors. Demand factors specified in the
following table may be applied to the computed loads
for general illumination as determined by the pre-
ceding paragraph, and minimum watts per square foot
for various occupancics.

Demand
Type of ‘Wattage based Factor in
Occupancy on Area Served per cent
Single-family 2,500 or less 100
dwellings* Excess over first 2,500 30
Mlémi:famﬂ dwl:me-i‘)‘ 3,000 or less 100
other than hotels
o Spartment " g over frt 5,00
ouses wit!
provisions for 120,000 35
cooking by tenants® Excess over 120,000 25
Hospitalst 50,000 or less 40
Excess over first 50,000 20
Hotels®t 20,000 or less 50
Excess over first 20,000
but not more than
00,000 40
Excess over 100,000 30
Office buildings 20,000 or less 100
Excess over first 20,000 70
Schools 15,000 or less 100
Excess over first 15,000 50
Storage warchouses 12,500 or less 100
Excess over first 12,500 50

*The small appliance load may be included with the light-
ing load and subject to the demand factors specified. If the
load in single-family dwellings, individual apartments of multi-
family dwellings, and in hotel suites having serving pantries,
is sub-divided through two or more feeders, the computed
load for each shall include not less than 1,600 watts for
small appliances.

tFor sub-feeders to areas where entire lighting is likely to
be used at gone time, as in ballrooms, dining rooms, operating
rooms, etc., a demand factor of 100 per cent shall be used.

The unit values and the demand factors of the
table, are based on mimimum. load conditions and
may not provide sufficient feeder capacity for the in-
stallation contemplated. If at any time it is found
that feeder conductors will be, or are, overloaded, they

shall be increased.

In view of the trend toward higher intensity lighting sys-
tems and indirect lighting, and increased loads due to more
general use of fixed and portable appliances, each installation
should be considered as to the load likely to be imposed, and
feeder capacity increased to permit of efficient and economical
operation without expensive alterations and replacements in
the system.
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For general illumination, in the occupancies shown
in the following table, a load of not less -than the
“watts per square foot” as specified for each occu-
pancy shall be included for each square foot of floor
area.

Apartments and multi-family dwellings 2 watts

Armories and auditoriums

Banks

Churches

Clubs

Dwellings, single-family

Hospitals

Hotels

Office buildings

Restaurants

Schools

Stores

In any of the above listed occupancies, except single-
family dwellings and individual apartments of multi-
family dwellings:

Lo DD NN N DN st DN ==

Assembly halls and auditoriums 1 watt
Hallways, corridors, and closets v
Storage spaces Y;
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Section 19
INDUSTRIAL ELECTRONICS

Electronics is the science, or art, which deals with
the flow of electricity through vacuums and gases
confined within tubes or tanks. Industrial electronics
is the branch of electronics dealing with the applica-
tion of electronic tubes in manufacturing, assembling,
processing and similar industrial or commercial work.

Separate elements used in electronic tubes may be
represented by symbols shown in Fig. 19-1. These
symbols are combined to represent complete tubes
as in Fig. 19-2.

Envelopes are the glass or metallic enclosures which
confine the vacuum or the gas through which elec-
tricity flows within the tube. Gas is indicated by a
dot placed anywhere within the envelope.

Cathodes are the tube elements from which electron
flow enters the vacuum or gas spaces inside ‘the tube.
Cathodes may be directly heated by electricity flowing
through them (then often called filaments), or may
be indirectly heated by a separate element through
which electricity flows. Tubes with heated cathodes
are called thermionic tubes. Some tubes have unheated
(cold) cathodes, among them being phototubes and
pool tubes.

Anodes are the tube elements through which elec-
tron flow leaves the vacuum or gas within the tube.
Anodes may be called plates. With reference to the
external sources the anode is positive and the cathode
negative. Considering the conventional direction of
current flow, current enters the tube through the
anode and leaves through the cathode.

Control electrodes, or grids, regulate the timing
and rate of flow of electricity through the tube. The
symbol shows a control electrode used for control by
means of potential or voltage changes. Control may
be effected also by magnetic fields passed through the
tube, by the ignitor electrode in ignitron tubes, and
in other ways.

Types of Tubes

Kenotron. A vacuum-type thermionic tube in which
there are no electrodes for control of electric flow.
Kenotrons are rectifiers for changing alternating to
direct current. They operate with small currents,
usually not over one ampere, but may operate at
high voltages.

Phanotron. A gas-filled thermionic tube with no
control for electric flow. Phanotrons are rectifiers.
usually handling rather large currents at lower volt-
ages than in the kenotron, say up to 20,000 volts.
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INDUSTRIAL ELECTRONICS

Pliotron. A vacuum-type thermionic tube in which
there are one or more control electrodes or grids.
Triodes are pliotrons with a single control grid.
Tetrodes are pliotrons with two control grids, one
being a screen grid or shield grid. Pentodes are plio-
trons with three control grids: one for regulating the
rate of flow, one a screen grid, and one a suppressor
grid. Pliotrons are used for amplification or strength-
ening of voltages and currents, also as oscillators for
production of high-frequency voltages and currents,

Thyratron. A gas-filled thermionic tube with one
or two control grids. A triode thyratron contains one
control grid which controls the jnstant at which elec-
tric flow starts. The flow is stopped by reduction of
anode potential, usually to zero. The tetrode thyratron
or shield-grid thyratron contains, in addition, a screen
grid. Thyratrons are the tubes most widely used in
industrial electronics for control purposes of all kinds;
handling moderate cirrents and voltages up to about
20,000. They are used also for rectifiers with which
the rate of current low may be controlled. These tubes
are found in welding controls, automatic timing, motor
and generator controls, line voltage regulation, and
many other applications.

Ignitron. A gas-filled tube (or tank) having a mer-
cury pool cathode. An ignitor electrode controls the
instant at which electric flow starts. The flow is
stopped by reduction of anode potential. Ignitrons are
used for control, and controlled rectification, of large
amounts of power such as required in electrochemical
and electrometallurgical processes: production of
metals and chemicals, mining, transportation, etc.

Phototube. A vacuum or gas-filled tube with an
anode, and with a cold cathode which emits electrons
when reached by visible light or by other forms of
radiation which are in the infra-red or ultra-violet
regions and are not visible. Vacuum phototubes may
be operated at high voltages (usually up to 500). Elec-
tron flow or current is proportional to intensity of
radiation, but the change of flow for a given change
of radiation is less than in gas-filled types. Gas-filled
tvpes may be operated at voltages no higher than 90.
Their response to radiation is linear or strictly pro-
portional only with rigidly controlled conditions, but
they produce greater changes of current fore given
changes of radiation than do vacuum types. P’hoto-
tubes are used for all tvpes of controls which are to
respond to changes of light or radiation.

Glow Tube. A cold-cathode gas-filled tube with no
control for electric flow. It is used for indicating
lights, for current-limiting, and for rectifying and
regulation at low voltages with small currents.
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Grid-glow Tube. A cold-cathode gas-filled tube with
one or more control electrodes which regulate the
instant of starting of electric flow. These tubes are
used somewhat similarly to thyratrons, but are lim-
ited to handling small amounts of power such as may
be used in safety controls and similar applications.

X-ray Tube. A high-vacuum thermionic tube having
cathode and anode, but no coutroi electrodes. These
tubes produce X-ray radiation used for inspection of
industrial products. .

Pool Tube. A gas-filled tube with a mercury pool
cathode, one or more anodes, but no control electrode.
These tubes are used for rectifying very large cur-
rents, supplying d-c¢c power for purposes similar to
those served by ignitrons.

Grid-pool Tube. A gas-filled tube with mercury pool
cathode, one or more anodes, and a control electrode
which regulates the instant at which electric flow
starts in the tube. These tubes are used similarly to
ignitrons.

The term gas-filled refers to tubes which contain
either inert gases, such as argon, neon and helium, or
to tubes which contain the vapor of mercury pro-
duced either from a pool cathode or from a few drops
of liquid mercury within the tube. Inert gases and
mercury vapor sometimes are used together.

It should be kept in mind that all electronic tubes
are rectifiers, in the sense that they permit electron
flow only from cathode to anode, or conventional cur-
rent flow only from anode to cathode, and never in
the reverse direction so long as the tube is operating
normally.

Rectification

The simplest circuit for obtaining direct current
from an alternating-current source is shown by Fig.
19-3. Current can flow only from anode to cathode in
the tube, considering the conventional direction of
flow, so can flow to the d-c circuit only when the
polarity of the transformer anode winding is such as
to make the anode positive and the cathode, through
the filament winding, negative. No current flows when
the transformer polarities reverse. Consequently, only
the alternating half-cycles of one polarity cause cur-
rent flow in the d-c circuit.

Both parts of each a-c cycle will cause flow of
current in the circuit of Fig. 19-4. The anodes of the
two tubes are made alternately positive and negative
by reversals of polarity in the center-tapped anode
winding of the transformer. Current through the tube
whose anode is positive flows through the tube to the
cathode, through the d-c circuit, and returns to the
center tap of the transformer. One tube carries cur-
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rent during one half-cycle of a-c transformer voltage,
and the other tube carries current during the opposite
half-cycle. Thus there is current in the d-c circuit
during both half-cycles of the a-c supply.

A-C % D=p
: +
HALF-WAVE
SINGLE-PHASE.

Fig. 19-3

FULL-WAVE
SINGLE-PHASE.

Fig. 19-4
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Fig. 19-5 shows a four-tube bridge rectifier of the
full-wave type. When the upper end of the anode
winding on the transformer is positive, current flows
through tube A to the d-c circuit, through that circuit,
and back through tube B to the lower end of the
transformer winding. On the following half-cycle of
a-c supply the lower end of the anode winding is
positive, current flows through tube C, to and through
the d-c circuit, and returns through tube D to the
upper end of the transformer winding.

Both tubes of Fig. 19-4 may be replaced with a
single full-wave rectifier tube having two anodes and
one cathode. In Fig. 19-5 a similar full-wave rectifier
may replace tubes A and C, and one with two anodes
and two cathodes may replace tubes B and D.

TN

alv

A-C

i

i
s

(000 (00000 ‘“:0}??71

FULL-WAVE ,SlNGLE-PHASE.
BRIDGE TYPE.

Fig. 19-5
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Amplification
When the positive side of a source is connected to
the anode of a pliotron, and the negative side to the
cathode, the current through the tube will depend on
the source voltage and also on the potential difference
between control grid and cathode of the pliotron.

Fig. 19-6

Relatively large currents will How when the grid is
more positive than the cathode. As the grid potential
is made less positive, then zero, and then negative
with reference to the cathode, the anode current will
decrease and finally will become zero.

When current from source A of Fig. 19-6 flows
through resistance Rg the voltage drop in Rg is ap-
plied between grid and cathode of the tube. Whether
the grid is made positive or negative with reference
to the cathode depends on the polarity of A, while the

. difference between grid and cathode potentials de-

pends on the current in Rg and its resistance. Re-
latively small changes of current in Rg fmay cause
grid voltage changes so large as to cause large changes
of current’in the anode circuit supplied by source B
and containing resistance Rp. Thus we have amplifica-
tion of current.

Because of the large changes of current in resistance
Rp of Fig. 19-6 there will be correspondingly large
changes of voltage across Rp if its resistance is great.
The voltage changes across Rp may be much greater
than those across Rg, and thus we have voltage am-
plification. Resistance Rp may represent any load in
which changes of current or voltage are to be pro-
duced by changes of current or voltage in source A
connected to the grid circuit.

Phototube Circuits

Fig. 19-7 shows a phototube and a source of voltage
and current connected across a resistor R in the grid
circuit 'of an amplifier tube which is shown here as a
triode. In the forward circuits, A and C, increase of
radiation on the phototube cathode causes an increase
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of current in the anode circuit of the amplifier. Ar-
rows indicate the direction of electron flow in the
phototube circuit, which is the reverse of the conven-

12 ]
FORWARD. REVERSE.
Directions of el flows in ph be circuits of the forward and

reverse types whem the phototube is illuminates.

Fig. 19-7

tional direction of current flow. At A electron flow
in the phototube circuit makes the amplifier grid more
positive with reference to its cathode. The same thing
occurs at C, although grid and cathode connections
are reversed.

In the reverse circuits, B and D, increase of radia-
tion on the phototube cathode causes a decrease or a
stoppage of current in the anode circuit of the ampli-
fier tube. In both of these circuits electron flow in
the phototube circuit makes the amplifier grid more
negative with reference to its cathode. The amplifier
tube may operate a relay or any other electrical ap-
paratus which is to be controlled by radiation reach-
ing the phototube cathode.,

Thyratron Operation

If the control grid of a thyratron ic made negative
with reference to the cathode there will be no current
flow in the anode circuit until the anode-to-cathode
potential difference becomes of some high value, with
the anode positive. As the control grid is made less
negative the break-down or the starting of anode
current will occur with lower and lower anode volt-
ages. Once anode current commences to flow, the grid
has no further control and cannot either lessen or
stop the flow of anode current. The anode current
will stop only when the anode-cathode voltage reaches
zero or thereabouts. Then the grid regains control,
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and the relation between grid voltage and anode volt-
age determines the instant at which the next flow
commences in the anode circuit.

A B8 C
Ea Ea
‘ \\‘ I,I
I” “\ I” L_/ \\

E| Es

Fig. 19-8

Diagram A of Fig. 19-8 represents a half-cycle of
alternating voltage which makes the anode of a thy-
ratron positive with reference to the cathode. At B
has been added a half-cycle of a grid biasing voltage
which makes the control grid negative while the anode
is positive with reference to the cathode. At C is rep-
resented a half-cycle of alternating voltage applied
between grid and cathode. This half-cycle would make
the grid negative while the anode is positive. The
combination of grid,bias, Eb, and grid voltage, Eg,
determines the potential of the grid with reference to
the cathode of the thyratron while the anode is posi-
tive. This relation is shown at D. The grid voltage
produced at the instant represented by the vertical
line may be assumed as that which causes break-down
of the tube with the anode potential which exists at
the same instant of time during the a-c cycle.

Fig. 19-9
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Then, even though the anode potential is positive
during the entire half-cycle, break-down and flow of
anode current will not occur until the instant during
the cycle which is represented by the vertical line
in diagram E,

Fig. 18-10

By advancing or retarding the grid voltage in time
relation to the anode voltage, or by shifting the phase
of the grid voltage in relation to the anode voltage,
breakdown may be allowed at various points during
the half cycles in which the anode is positive. The
effect is illustrated by Fig. 19-9, where shaded vor-
tions of the upper half-cycles represent the portions
of each cycle during which anode current is allowed
to flow. This is controlled rectification.

COUPLING TRANSFORMER. 7'!(2

Fig. 19-11
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Fig. 19-10 shows a phase-shift circmt in whict
shifting of grid voltage in relation to anode voltage
is controlled by adjustment of capacitor C. Shift may
be controlled also by varying resistance Rc. Resist-
ance Rg is placed in series with the control grid to
prevent flow of excessive current in the grid circuit.

Fig. 19-11 shows a separate phase-shifting circuit
connected to the grid circuit of the thyratron through
a couphng transformer.

CONTACTS.
Fig. 19-12

CONTACTS,

Re

i

Fig. 19-13
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The principle of a commonly used welding controi
is shown by Fig. 19-15 where two ignitrons carry
current for the primary of the welding transformer,
and are themselves controlled by two thyratrons, T1
and T2. Breakdown or current flow in ignitrons fol-
lows the same general principles as in thyratrons, in
that the ignitor of the ignitron, like the control grid
of the thyratron, controls the instant at which current
flow ccmmences, but then loses control. Two ignitrons
are used in order that bqth half-cycles may be rec-
tified.

Fig. 19-12 shows a circuit in which closing of the
contacts allows anode current to commence flowing
in the thyratron and to continue flowing on each
positive half-cycle so long as the contacts are closed.

WELDING
TRANSFORMER.

€|

A-C
LiNE
SuPPLY.

=

000

TIMING TRANSFORMER,

Fig. 19-14
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Fig. 19-13 shows a circuit in which anode current
flows when the contacts are opened, and does not
flow so long as, they remain closed.

A circuit for impedance control of resistance weld-
ing is shown by Fig. 19-14. The welding transformer
primary and the impedance transformer primary are
in series. When the thyratrons are allowed to carry
no current there is no current in the connected sec-
ondary of the impedance transformer, and the im-
pedance of its primary is thus made so great that
very little current flows in the welding transformer.
When a weld is to be made the thyratrons are al-
lowed to break down, current flows in the impedance
transformer secondary, and its primary impedance be-
comes so low that a large current flows in the weld-
ing transformer.

WELDING
TRANSFORMER.

A-C
LINE
SUPPLY.

TIMING TRANSFORMER.

Fig. 19-18
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INDEX

A

Additive polarity, trans-
former,
Air, heating of, 317
Alarms, connections for,
118-20
Alternating current, 7
average values, 10
circuits, laws of, 12
power measurements, 171
effective values, 8
motors, controls for, 296-307
troubles, 249-52
Ammeter shunts, 170
Ampere-turns, ,142
Amplifiers, electronic, 342
Annunciator connections,
Armored cable, rules for, 96
Auto-transformers, 183, 187
installation and location, 205
leads, for, 208
Auto-starters, motor, 299

B

Batteries, 273-81
dry cell, 280-81
storage, 274-80
cadmium test for, 277
charging methods, 278-80
discharge test, 276
testing of, 275-78
voltage test, 275
Bells, connections for, 118-20
Brake, prony, power measure-
ment with, 162, 225
Braking, dynamic, 292
Branch circuits, 115-24
motor, 139, 223
types of, 122-24
Breakers, circuit, 131-37,
218-21

Bridge rectifier, 841
Bridges, Wheatstone, 166, 180
Btu, definition, 313
Busways, rules for, 96

C

Cables, armored, rules for, 96
assemblies, 96
non-metallic sheathed, 98
service entrance, 99
Cadmium test, storage battery,
277
Candlepower, 319
Capacitance, 153
capacitor, 156
distributed, definition, 158
parallel, 155

Capacitive reactance, 155

Capacitors, 154
capacitance of, 156
electrolytic, 154
testing of, 158
motors, 208, 210
connections of, 240-42
testing of, 157
Capacity, see Capacitance
current-carrying, wire, 48-51
Cartridge fuses, 131
Cell, battery, see Batteries
Cellular 9l‘net,al floor raceway,

Centigrade temperatures,
19-20

Charges, electric, 153
Charging, storage battery,
278-80
Circuit, branch, 115-24
motor, 189, 223
types of, 122.24
breakers, location of, 132-87
motor, 218-21
types and uses, 131
diagrams, 35
laws of, 6
magnetic, 142
parallel, 8, 15, 17
series, 2, 18
Circular mil-foot resistances,
55, 56, 67
Code, color, resistors, 73-76
motor, letters for, 222
Color coding, resistor, 73-76
Compensator starters, motor,
299
Compound wound motors,
208, 212
Condenser, see Capacitor
Conductors (see also Wires)
current-carrying capacity,
48-51, 58
diameter and area, 52, 58
dimensions of, 85
length for voltage drop, 58
melting temperatures, 55
motion in magnetic field, 151
number in conduit, 86-90
resistances, specific, 5, 55, 67,
80

sizes of, 52, 53, 57, 85
for voltage drop, 57
small, equivalent to large, 51
specific resistances, 5, 55,
67, 80
types and uses, 44-47
voltage drop calculation, 857
weight of, 55
Conduit (see also Receways)
dimensions of, 86
flexible, rules for, 91
number of conductors in,

6-9
rigid, rules for, 84, 85
Connectors, wire, 110-12
Constant potential battery
charging, 279
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Constants, dielectric, table of,
1564

Contactors, magnetic, 286
Control, current, 64
motor, a-c, 296-307
d-c, 286-94
resistors, classification of,

Controllers, definitions of, 284
drum, d-¢c motor, 293
wound rotor motor, 306
grounding of, 310
magnetic, a-c, 296-307
d-c, 291
motor, rules for, 309
Converters, 266-69
connections for, 268-269
synchronous, 266, 268, 269
Conversion tables, 18-20, 164,
314

Copper-oxide rectifiers, 270-71

Copper wire tables, 41-44

Cords, fiexible, 59-61

Current
carrying capacities, 48-51, 68
eddy, definition, 143
induced, direction of, 151
resistance change due to, 68
single-phase a-c, 10
three-phase a-c, measure-

ments, 172

D

Demand factors, lighting, 333
Diagrams, wiring, 21-39
Dielectric constants, table
of, 164
strengths, 77, 79
Direct-current motors, connec-
tions, 247-48
controls for, 286-94
troubles, 252-56
welding generator from,
256

Disconnecting means, motor,
2

Dissipation, watts, in resistors,
6!

Divider, voltage, 69-73

Drop cords, 59-61

Drop, voltage, calculation
of, 57, 68

Drum controllers, d-c motor,
293

a-¢ motors, 306
Dry cells, 273, 280-81
Duty cycles, 69, 284
resistors for, 308
Dynamic braking, 292
Dynamotor, definition, 266

E

Eddy currents, definition, 143

Effective values, a-c, 8

Efficiencies, small motor, 226

Electrical metallic tubing, rules
for, 90

Electrolytes, storage battery,
274-

Electrolytic capacitors, 154
testing of, 158

Electromagnetic induction, 147

Electrom;tive force, definition,

Electronic tubes, types of,
335-39
Electronics, industrial, 335-48
Eleetrons, definition,, 1
Elevators, pawer for, 163
Energy, definition, 1569
conversion units for, 164
Equivalents, table of, 18-19
power and energy, 164
power and heat, 314
temperature, 19, 20
Extensions, underplaster, rules
for, 92

F

Factors, demand, lighting, 333
Fahrenheit temperatures, 19-20
Fans, power for, 163
Farm light generators, 2656
Feeders, lighting, loads for, 332
Field, electric, definition, 153
Flexible cords, 59-61
metal conduit, rules for, 91
Fluorescent lamps, 324, 325
Flux, luminous, 319
magnetic, 142, 145
direction of, 143
Foot-candles, 320
requirements in, 321
Four-way switches, 285
connections for, 114
Frequency, generator, 261
motor, altering of, 229
resonant, 12
Full-load currents, motor,
213-15
Full-wave rectifiers, 270-71, 339
Fuses, location of, 132-37
motor, 218-21
types and uses, 131

G

Generators, 261-66
farm light, 266
frequency of, 261
speed, 261
terminal markings, 262-66
three-wire, 264, 265
troubles with, 261-62
welding, from d-c motor, 2566
Glow tube, 337
Grid-glow tube, 339
Grid-pool tube, 339
Grounding, controller, motor,
31

motor, 217
rules for, 125

transformer, 205
wiring, tests of, 127

H

Half-wave rectifiers, 270-71,
339



Hmrdousz 6loeﬂ:iom, definition,
1

Heat, 813
specific, table, 318
Heating, air, 817
electric, 3138-18
power for, 813

water, 815
High-rate discharge test,
battery, 276

Kilowstt-l;our metu-l. testing
8
Kirchoft’s laws, 7

L

Lamps, fluorescent, opentlol
of, 825

rltinzs of, 324
illuomination from, 322
mcandescent. ratings of, 324

tallation of, 381

High-voltage power, re-
ment of, 171
test, wiring, 126
Hoists, power for, 168
Horsepow;r. motor, altering of,
229

test of, 225
Hot-wire meter, definition, 165
Hysteresis, definition, 143

I

Ignitron tubes, 337
Illumination, 319-84 (see alse
Lighting)
ealculations, 321-25
coefficients, utilization, 828
demand factors, 333
installation rules, 3381
requirements, 321
Impedance, 11, 149
formulas, 15-17
trhngle. 149
t lamp rati

mercury vapor, 329
sodium vapor, 330

Law, Kirchoft’s, 7
Ohm's, 6, 12, 152

Left-hand rule, motor, 151

Lighting, 319-34 (see also

Ilumination)

calculations for, 321-25
demand factors for, 388
feeders, loads for, 382
fluorescent, 325
installation rules, 331
mercury vapor lamp, 329
_requirements for, 821
sodium vapor lamp, 330
switching connections for,

Line of force, magnetic, 142
starters, 297

Loads, feeder, lighting, 332

Locations, types, deflnitions

of, 126
Locked rotor torques, 226, 227
L 319

lndoor wiring symbols, 28,
101-102 o
Inductances, 148
parallel, 150
series, 150
Induction, electromagnetic, 147
motors, see under Motors
altering characteristics of,
229

Inductive reactance, 148
Industrial electronics, 335-48
Insulated conductors, types and
uses 44-47
Insulation, 77
dielectric strengths of, 79
resistance, test of, 80, 127
Insulators, characteristics of,
79

materials for, 77
resistivities of, 80
specific resistances of, 80
Internal wiring diagrams,
reading, 31
Innrt'edzanverter. definition,

J
Joule, definition, 159

K

Kenotron tubes, 335

Luminous flux, 819

M

Magnet wire, tables, 144-46
turns per inch, 54
Magnets, permanent, 141
Magnetic circuits, 142
controllers, a-c, 296-307
d-¢, 291
contactors, 286
fluxy direction of, 143
units, 142
Magnetizing force, 145
Magnetomotive force, 143
Maximum a-c values, 8
Measurement methods, 165-82
Measurements, conversion of,
18-20, 164, 814
Melting 51;5empel'lt.m'es. metals,

Mercury arc rectiflers, 271
vapor lamps, 329

Metal conduit, flexible, rules

for, 91
rigid, rules for, 85
floor raceway, cellular, 94
melting temperatures, 55
weights,

Meters, electric, 165-82
connections of, 166
kilowatt-hour, testing of, 178
moving coil, 165
sensitivity of, 166
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Meters—(Cont.)
types of, 165
watt-hour, diagrams of, 86
Mil-foot resistivities, 55-57
Motor-generator, 266
speed control by, 294
Motors, 207-59
altering to generator, 256
alternating-current
capacitor type, connec-
tions, 240-42
controls for, 296-307
-frequency, altering, 229
induction, altering charac-
teristics, 229
speed test for, 227
power factors of, 226
repulsion, connections for,
238-39
repulsion-induction, 239
series wound, 236-37
single-phase, characteris-
tics, 226
connections for, 235-42
troubles with, 249-52
slip ring, 209-11
controls for, 302
split-phase, connections

for, 2356
three-phase, connections
for, 243-45

wound rotor, 209-11
controls for, 302
branch circuits, 223
protection, 139
code letters for, 222
controllers, grounding of, 310
direct-current
compound wound, 208, 212
controls for, 286-94
connections of, 247-48
series wound, 247
shunt wound, 246
welding generator from,
255

disconnecting means for,
222-25

efficiency of, 226

full-load currents for,
213-15

grounding of, 217

horsepower test of, 225

installation rules for, 309

multi-speed, connections,
244-45

rotation, reversing of, 212

running protection, 136-38,
218-21

selection of, 309

speed of, 226

control, motor-generator,

terminal markings for,
233-48

torque, altering of, 229
starting, 226

troubles with, 249-55

types of, 208-209

universal, characteristics, 226
connections for, 236

wiring for, 214, 218-21

wound rotor, 209-11, 302

Moving coil meters, 165
Multipliers, voltmeter, 167

N

NEMA resistor classes, 308

Non-metallic sheathed cable, 98
surface extensions, 99
waterproof wiring, 100

o
Ohm, 5, 63
Ohm’s law, 6, 12, 162
Open bottom raceway, rules
for, 93
Overcurrent devices, location
of, 132-37
protection, 130-39
motor, 216-17
transformer, 205
Overload devices, 130
protection, 130-39

P

Parallel capacitances, 155
circuits, 8, 15, 17
inductances, 150

Permanent magnets, 141

Permeability, 142, 145

Phanotron tubes, 335

Phase relations, voltage-cur-

rent, 11
shift control, thyratron, 344

Phototubes, 337
circuits for, 342

Pliotron tubes, 337

Plug fuses, 131

Polarity, transformer, 198, 202

markings, 190
testing, 192
wiring, test of, 126
Polyphase currents, 10
motors, 209
Pool tubes, 339
Potential drop, 57, 68
Potentiometers, 63, 69
Power, 159-6
a-c circuit, mengurement, 171
conversion units, 164
factors, small motor, 226
formulas for, 159-62
heating, 313
high-voltage, measurement,
of, 171

Prony brake measurement of,
162, 225

shafting, 162

transformer, 185

Process heating, 318

Prony brake power measure-

ment, 162, 225 ¥

Pumps, power for, 163

R

Raceways, cellular metal fioor,
94

conductors in, 83



Raceways—(Cont.)
open-bottom, rules for, 93
rules for, 83
surface metal, rules for, 92
underfloor, rules for, 92

Range, electric, diagrams of, 37

Ratings, resistor wattage, 68

Reactances, 11, 148-49
capacitive, 155
formulas for, 13-14
inductive. 148

Receptacles, circuits and types,

121-22

Rectifiers, 270-71
bridge, 341
electronic, 339
meters with, 165

Regulation, transformer, 187

Relays, connections for, 119-20
diagrams of, 33

Reluctance and reluctivity, 147

Repulsion-induction motors,

209-10
connections for, 239
motors, conne tions for,

238-39

-gtart induction motors,
def., 9

Resistance starters, motor, 300

welding, electronic control,

Resistances, 4, 63 (see also
Resistors)
box for, 64
change due to current, 68
circular mil-foot, 55, 56, 87
insulation, test of, R0, 127
parallel circuit, 3
resistor materials, calcula-
tions, 66
specific, tables, 5, 65, 67, 8]0
temperature change calcula-
tions, 56
coefficients of, 55, 67
voltmeter measurement of, 69
Resistors, color coding of, 73-76
control, classification of, 308
materials for, resistance of,

resistance calculations for, 66
specific resistances of, 67
temperature coefficients of,
65, 67
troubles, with, 73
watts dissipation of, 68
Reversing, motor rotation, 212
switches, motor, 291, 306
Rheostats, 65
motor control, 286-94
ratings of, 69
Right-hand rule, generator, 151
R-M-8, definition, 9
Rotary converters, 266
Running protection, motor,
136-38, 218-21

S

Schematic diagrams, 35
Self-induction and inductance,
148

Sensitivity, meter, 166
Series capacitances, 155
circuits, 2, 13
inductances, 150
~paraliel circuits, 4
wound motors, 208, 212
connections for, 236-37, 247
Service entrance cable, 99
Shaded pole motors, 208, 210
Shatting, power transmitted
by, 162
Sheathed cable, non-metallic, 98
Short circuit test, wiring, 127
Shunt wound motors, 208, 212
connections for, 246
Shunts, ammeter, 170
Signals, connections for, 118-20
symbols for, 117
Sine wave, definition, 8
Single-phase motors, connee-
tions, 235-42
troubles with, 249-52
power measurements, 171
transformers, 193-99
8lip ring motors, see Motors,
wound rotor
Sodium vapor lamps, 330
Soiderless connectors, 110
Space heating, 317
Sparking voltages, 79
Specific heats, table of, 315
resistances, tables, 5,
65, 67, 80
Speed controls, motor, a-e,
296-307
motor, d-c, 286-94
motor-generator tor, 294
generator, 261
induction motor, test of, 227
motor, altering, 229
small sizes, 226
variator, 295
Splicing, wire, 105-10
Split-phase motors, 208, 209
connections for, 235
Squirrel cage motors, 209, 211
(see also under Motors)
Star-delta starting, 307
Starters, motor, a-c, 296-307
auto-, 299
d-c, 286-94
line, 297
resistance, 300
star-delta, 307
Storage batteries, 274-80
charging of, 278-80
testing of, 275-78
Subtrgctive polarity, trans-
former, 198
Surface extensions, non-
metallic, 99
metal raceway, rules for, 92
Switches, 25, 283
drum, 293
four-way, 114, 2856
lighting, connections for,
113-
reversing. motor, 291, 306
three-way, 114-285
Synchronous converters, 2686,
268-69



Synchronous— (Cont.)
motors, 209, 211
speed, motor, 209

Symbols, electrical, 21-30
electronic tube, 336, 338
sngnal and alarm, 11
wiring, building, 28, 101 102

industrial, 103, 104

T

Temperature, 315
coefficients of resistivity,
55, 56, 67
conversions, 19, 20
Terminal markings, converter,
268-69
generator, 262-65
motor, 233-48
transformer, 193-202
Thermal devices, 130, 131 .
Three-phase motors, connece
tions, 243-45
power measurements, 172-77
transformers, 188, 194-202
Three-way switches, 285
connections for, 114
Three-way generators, 264-65
Thyratron tubes, 337
- operation of, 343
Torques, locked rotor, 227
motor, altering, 229
starting, small motor, 226
Transformers, 183-92
connections, single-phase,
1

three-phase, 194-202
formulas for, 187
installation rules, 203
instrument, 171
locations, ruleg for, 208
polarity markings for, 190,

. 193-202

testing of, 192
power output of, 185
principles of, 183
regulation of, 187
three-phase, 188

Troubles, generator, 261-62
motor, 249-56
resistor, 73
wiring, tests for, 128
Tubes, electronic, 335-39
Tubing, dimensions of, 86
electrical metallic, 90

U

Underfloor raceways, rules

for, 92
Underplaster extensions, rules
for, ¥

Undervoltage units, 284

Universal motors, 208, 210
connections for, 236

Variator, speed, 295
Vibrating rectifiers, 271
Voltage, breakdown of
insulators, 79
divider, 64, 69-73
drop calculations, 57-58
sparking, 79
three-phase,
173
to ground, 126
Voltmeter, insulation test
with, 81
multipliers for, 167
resistance measurement
with, 69

w

Water heating, 315
Waterfall, power of, 164
Waterproof wiring, non-
metallic, 100
Watt-hour meter diagrams, 8o
Wattmeters, connections
for, 171-78
Watts dissipation, resistor, 68
Weights, metals, 55
Welding, electronic control
for, 347
generator, from d-c¢ motor,
2556

measurement,

Wheatstone bridges, 166, 180
Windings, transformer, 183
Wires (see also Conductors)
connectors for, 110-12
current-carrying capacities,
48-51, 58
diameters and areas of, 52-53
dimensions of, 85
large, equivalent to small, 51
length, for voltage drop, 58
magnet, tables for, 144-46
turns per inch, 54
number in conduit, 86-90
size of, b52-53, 57
small, equivalent to large, 51
splicing of, 105-10
tables, copper, 41-44
types and uses of, 44-47
Wireways, rules for, 95
Wiring diagrams, reading,
21-39
motor, 214
rules for, 83
symbols for, 21-30
interior, 101-102
industrial, 103-104
test of, high-voltage, 126
trouble, test for, 128
Work, definition, 159
Wound rotor motors, 209, 211
controls for, 302

X

X-ray tubes, 339



